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I. INTRODUCTION 
Bloat or tympanites Is defined as a digestive disorder 
of ruminants characterized by gaseous distension of the abdomen. 
This distension or swelling is limited mainly to the first 
two compartments of the stomach -- the rumen (or paunch) 
and the reticulum (or honeycomb) according to Dougherty (35)» 
Johns (52) further described bloat as being the result of 
interference with elimination of gas which is normally produced 
in microbial fermentation of food in the rumen and reticulum. 
Bloat is not a new disease of ruminants. Parham (89) and 
Pfizer (90) cited investigations bearing on the problem back 
to an ancient Roman author in 60 A.D. Until recently very 
little progress had been made toward the knowledge and success­
ful treatment of bloat. Much still remains unknown, but 
during the last 30 years, and particularly during the past 
8 years, a considerable number of bloat research reports 
have appeared in the literature. 
Cole et al. (22) classified types of bloat as chronic, 
subacute and acute. Chronic bloat is a condition of tympany 
occurring irrespective of the qualitative nature of the diet. 
Subacute bloat occurs from a specific dietary regimen, such 
as succulent legumes, or a predominantly concentrate diet, 
in which distressing symptoms such as frequent urination, 
defecation, and labored breathing are not manifested. Acute 
bloat is an advancement of the subacute stage and distressing 
symptoms are evident. The progression from the subacute 
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to the acute stage of bloat Is unpredictable and exactly why 
the critical advanced stage of bloat may or may not occur 
is not known. Bloat may also be classified according to the 
type of feed, as pasture bloat or feedlot bloat. Bloat has 
been described as either the frothy or free-gas type. However, 
Johns (57) reported that the supposed two forms are no more 
than different degrees of frothy bloat. Johns explained 
that observations of hundreds of cases of bloat on clover 
in animals with rumen fistulae have shown that bloating is 
correlated with the degree of foaming in the fore-stomachs 
and that in both pasture and feedlot bloat, there is always 
some free gas. Further, it seems likely that the amount 
of free gas that can be released by eructation or by inserting 
a stomach tube into the rumen is a function of the stability 
of the foam. Although it is apparent that a simplified 
classification for bloat is not entirely satisfactory for 
all descriptions, research workers tend to agree that the 
more critical bloating situations involve an acute, frothy 
type which is usually associated with grazing of legumes. 
Accurate estimations of the economic importance of bloat 
are difficult to make. Certainly the livestock and monetary 
losses are alarming but their magnitude can feasibly vary 
depending on the area being surveyed and numerous factors 
or fallacies in making or interpreting survey studies. 
Dougherty (35) referred to estimates that in the United States 
bloat costs dairymen and producers of beef cattle and sheep, 
about 4° to 45 million dollars a year. Parham (89) noted 
surveys showing substantial losses from bloat in the Mississippi 
Basin area and in Oregon and Wisconsin. A survey reported by 
Johns (57) showed that in New Zealand, with a dairy population 
of 2 million cows, some 15,000, conservatively valued at 
300,000 pounds (nearly 1 million dollars) died of bloat in 
the 1954-55 season. The number of animals dying from bloat 
does not measure the full economic loss. Brown (20) very 
adequately outlined the factors other than death losses that 
should be considered in determining the over-all loss due to 
bloat, as follows : 
(a) losses in production from animals that bloat 
and recover, 
(b) losses caused by changing the grazing management 
in attempting to reduce the bloat hazard 
(these include not grazing the most productive 
forage at certain periods and in many cases 
not using legumes for. pasture ), 
(c) time that the farm operator must spend treating 
bloated animals or administering preventives, 
and 
(d) the anxiety that the farmer may experience due 
to the possibility of losing animals from bloat. 
The above considerations exemplify the justification 
for more research on the bloat problem. Currently,, bloat 
is being investigated at many experiment stations in the 
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United gtfitss as well as in New Zealand, in Great Britain, 
and in several other countries in the world. Studies at 
Iowa State University have been part of the regional project 
NC-27, "Chemistry and Physiology of Bloat," which represents 
an Inter»Institutional effort intended to coordinate various 
phases of bloat research. Most of the bloat research reported 
from Iowa State University has been conducted with cattle 
as experimental animals. Some observations reported imply 
that the incidence of bloat is greater in cattle, particularly 
dairy cattle, than in sheep. This is probably an accurate 
observation, but it may be that dairy animals are more fre­
quently pastured or fed bloat provoking forages. Johns (57) 
and Pfizer (90) acknowledged that in some areas, for Instance 
in South Africa, Australia, and certain sections of the United 
States where alfalfa is grazed by sheep, losses from bloat 
can be a serious problem. 
Bloat research obviously entails the investigation of 
an extremely complex problem* There are many segments that 
must be studied and linked together before the problem can 
be solved. Acknowledging the complexity and magnitude of 
the bloat problem and recognising certain limitations in 
conducting bloat research, it was decided for this thesis 
to concentrate on a particular aspect that could expand the 
knowledge concerning the underlying cause or causes of bloat. 
Among the various aspects deserving more research appeared 
to be the controversial Issue of the effect of certain 
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nutrient components and plant composition on the bloat 
syndrome. 
With the above considerations in mind the objectives 
in the research reported herein, using lambs as experimental 
animals, were: 
1. To study the influence of nitrogen compounds, 
sugars and certain minerals on the production 
of bloat when solutions of these materials were 
sprinkled on freshly chopped or cut alfalfa 
and when applied as a foliar spray to alfalfa 
pasture. 
2. To determine the effect of foliar applications 
of nutrient materials on different nitrogen 
fractions of alfalfa forage. 
3. To determine the effect of nutrient additions 
to alfalfa forage on different nitrogen components 
of blood. 
4. To study the possibly relationship of the occur­
rence of bloat in lambs with changes in nitrogen 
components in alfalfa forage and/or blood. 
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II. REVIEW OF LITERATURE 
Numerous summaries of bloat research have been prepared. 
Among the more extensive reviews since 1956 are those by 
Blake (13), Brown (20), Cole et al. (22), Dougherty (35)» 
Johns (52, 58), Johnson (63), and Pfizer (90). The following 
review will be presented in two major sections. Section A 
will deal primarily with important findings having a bearing 
on the cause of bloat. A condenced summary of the numerous 
reports on prevention and treatment of bloat and some of the 
techniques employed to study bloat will also be included 
in this section. In section B literature will be considered 
that has a more direct bearing on the thesis problem. 
A. General Scope of Bloat Research 
1. Classification of Bloat lkeories 
Many theories or hypotheses have been advanced on the 
possible cause of bloat. Seme of these are well founded and 
must be recognized even though they do not solely explain 
the complex bloat syndrome. Other proposals based on observa­
tions or very limited evidence have been disproven or are 
disregarded by active bloat research workers. 
Dougherty (35) classified the theories for the cause 
of bloat as physical, biochemical and hereditary and also 
as connected with soil fertility and the climate. The 
physical theories suggest there is too much dense feed, 
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excessive formation of gas, altered surface tension, or physical 
deficiency. The biochemical theories have to do with the 
presence of hydrogen cyanide, flavones, saponins and allergies. 
This classification is essentially representative of other 
bloat theory summaries. The toxic factor theory is referred 
to rather than biochemical by Johns (52), parham (89), and 
Pfizer (90). Several writers including Brown (20), Cole 
et al. (22) and Parham (89), also distinguish rumen micro­
biological aspects in their classification of bloat theories. 
Johns (52), in particular, elaborated on altered surface 
tension and proposed the term "foaming" theory. Johns (58) 
more recently reported that there are two main schools of 
thought on the basic cause of bloat in ruminants i 
(a) those who consider that the ailment is due 
primarily to a foaming of the contents of the 
rumen and reticulum; 
(b) those who base their investigations on '^ e 
assumption that bloat is due to the presence 
of a toxic substance causing the inhibition 
of rumen movements and/or the eructation mechanism. 
Johns discussed findings regarding these two hypotheses 
under the major headings of Animal factors and Plant factors 
related to bloat. This seems a very logical organization 
for presenting research studies that may support or refute 
the various bloat theories previously classified. The 
following section segregates pertinent bloat research as 
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it applies to animal or plant factors with an additional 
heading for factors not easily distinguishable on this basis 
such as some of the physical hypotheses. 
2. Factors Affecting the Occurrence of Bloat 
a. Animal factors 
Physiology of the rumen as related to bloat has been 
reviewed in detail by Cole et al. (22) and more recently by 
Brown (20). Since failure to eructate gaaes formed in the 
rumen is integrally associated with bloat, extensive studies 
on the eructation reflex mechanism have been made. An 
anotomical or physiological abnormality is apparently respon­
sible for faulty eructation in chronic bloaters. In sporadic 
bloating conditions failure to eructate gas is believed to 
be due to physical or chemical inhibition derived either 
from the plant or rumen fermentation materials. However, 
Johns et al. (59) recognized secondary effects due to rumen 
pressure above a threshold level. 
Dougherty and Habel (38) studied the cranial esophagel 
sphincter, its action and its relation to eructation. Their 
work was based on cinefluorograpic observations of conscious 
sheep, whose fistulated rumens were insufflated with a mixture 
of carbon dioxide and methane gases. They found that the 
rumino-retlcular fold was very effective in holding Ingesta 
away from the cardia. Gas was then forced down into the 
relaxed and relatively empty reticulum and the belching 
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activity of the esophagus increased. However, Johns (58), 
maintained that there was an alternative mechanism for clear­
ing the cardia and that the complete understanding of the 
events involved was still unknown. Johns et al. (59) explained 
the effect of foam on belching from demonstrations that the 
cranial esophagel sphincter opened with the presence of free 
gas while its opening was inhibited when liquid or foam was 
present. Hence, the gas trapped in frothy rumen ingesta 
apparently cannot be eructated. 
That excessive amounts of stable froth prevents normal 
eructation is supported by Jacobson et al. (1|9) who reported 
that fistulated steers released free gas through loosely fitted 
fistulae and frothy rumen contents escaped rapidly when the 
plug cap was removed. Colvin et al. (23, 2?) by use of a 
tracheal transection technique reported on the relationship 
of certain dietary influences and frothy ingesta on eructation 
and related ruminai phenomena. Alfalfa tops decreased the 
rate and volume of eructation which was accompanied by a 
positive intrarumen pressure lasting for slightly over two 
hours after feeding. Smaller increases in pressure which 
lasted only about one hour were noted when oat hay was fed the 
night before the alfalfa tops were ingested. There was a 
slight decrease in intrarumen pressures after the feeding of 
oat hay alone. They suggested that acute legume bloat results 
from rapid gas formation accompanied by frothing of ingesta, 
and that this frothy ingesta physically prevents eructation. 
In a relatively recent paper, Stevens and Sellers (112) 
confirmed and clarified some of the earlier work reported 
on the eructation reflex. They found the cardiac sphincter 
to be an important effector organ and one normally under 
active contractions. These workers also reported the location 
of certain afferent fibers of the abdominal vagus control­
ling rumination and eructation. In the past it was thought 
that the eructation reflex was similar to the regurgitation 
reflex and the stimulus was scratching of the stomach wall 
by roughage. However, it is now rather well established 
according to Johns (57) that belching is stimulated by pres­
sure in the rumen rather than by mechanical scratching of 
the rumen wall. In fact Johns (53) reported that with in­
creasing pressure during the onset of bloat on clover fre­
quency of eructation increased rather than decreased. It 
also appears that rumen motility is not inhibited by bloating. 
Reid (94) using the tympanograph on intact animals observed 
that the rhythmic activity of the dorsal sac of the rumen 
was present at all stages of bloating. Jacobson et al. 
(49) noted that palpation of the rumen and reticulum (cardia 
area) indicated motility was essentially normal in bloated 
animals. Colvin et al. (28) while concluding that foaming 
of rumen ingesta is an Important factor in the etiology of 
acute bloat, observed that rumen motility studies indicated 
there is sufficient number of secondary (eructation) contrac­
tions occurring during bloat to relieve the pressure if 
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the cardia can be cleared of foam. 
Another subdivision of animal factors, equally important 
and probably inter-related functionally to rumen physiology, 
is the possible role of rumen microorganisms in the occurrence 
of bloat. The tremendous volume of gas being produced by 
the microbial fermentation of ingested herbage varies and 
is no doubt of major importance in the production of bloat. 
However, excessive gas formation, in itself, is no longer 
recognized as a vital factor in the etiology of bloat. Most 
research workers agree that an animal has no difficulty in 
getting rid of all the gas formed if no other complicating 
factor is present. In normal animals this complicating 
factor is the foaming or froth formation of the rumen ingesta. 
How then, may microorganisms contribute to the cause of 
bloat? 
Hungate et al. (46) proposed the hypothesis that slime 
producing microorganisms are responsible for a mucilage-like 
material that results in stable foam production. They found 
the rate of rumen fermentation per gram ingesta in bloated 
animals was significantly higher than in unbloated animals 
grazing on the same pasture, but the proportions of acid, 
methane, and carbon dioxide were similar in the two groups. 
They also confirmed other reports that production of foam 
correlated with bloat intensity. Gutierrez et al. (4l) 
reported that 0 to 16 percent of microorganisms in rumen 
samples were encapsulated. Jacobson et al. (49) also found 
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that there was a high correlation between the percentage of 
encapsulated microorganisms and the occurrence of bloat. 
Dain (33) studied slime production in Streptococcus bovls, 
a predominating organism in tho rumen of bloated sheep and 
cattle. Gutierrez et al. (i|.2) isolated and studied properties 
of representative types of 22 strains of lactic acid producing 
Streptococus and Z\\. strains of LC type organisms which 
increased in numbers during bloat. The strains appeared 
similar to Streptococcus bovls. These authors suggested that 
the increase in Streptococcus bovis and Peptostreptococcus 
elscenic may play a role in the etiology of feed-lot bloat. 
Microorganisms other than bacteria may be important 
in the etiology of bloat. Moir (73) reported rumen microbial 
populations as follows: bacteria from 20 to 100 x 10^ per 
ml., dilates exceeding 3 x 10^ per ml., and flagellates 
varying up to 10® per ml. Quin (92) identified a strain 
of false yeast, Schlzosaccharomyces ovls, in the rumen of 
sheep. These microorganisms were present in large numbers 
especially when the animals were kept on a diet of lucerne 
(alfalfa). He found this strain of organism to be responsible 
for very rapid fermentation of the sugar in lucerne. Oxford 
(86, 87) reported on observations concerning the ciliate 
Epldinium ecaudaturn and its possible relation to bloat. In 
the spring and fall, when bloat potential is relatively 
greater than in mid-summer months, this organism was found 
to be the predominant oligotrich in the rumens of two cows 
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fed exclusively on red clover. Oxford (88) also reported 
that protozoa are insensitive to antibiotics, and that they 
attack carbohydrates by means of their own enzymes and not 
through symbiotic bacteria. 
Although it is apparent that considerable work has been 
done on microbial activity in the ruminant, much more research 
is needed to accurately relate these findings with the occur­
rence of bloat. 
The importance of saliva as an animal factor involved 
in foam formation has been recognized. However, it has not 
been fully established what a copious flow of saliva will 
have on the foaming characteristics of rumen ingesta and 
subsequent bloating. Johns (£8) in considering the composition 
of saliva, postulated that a large secretion of saliva could 
either assist in preventing bloat by buffering a fall in pH 
or increase its severity by adding to the carbon dioxide 
evolved and by assisting in foam formation. Johns (58) 
found that the amount of carbon dioxide necessary to raise 
the pressure in the rumen by 10 mm. Hg was much less at higher 
than at lower pressures. Hence, with an animal whose saliva 
flow increases in response to rumen pressure, it may well 
be that when mildly bloated, the extra carbon dioxide con­
tributed fron saliva could bring about the rather sudden 
transition from a subacute to an acute stage of bloat. 
Clark and Weiss (21) demonstrated an increase in salivary 
flow due to mechanical stimulation in the area of the cardia. 
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Weisa (115) atreaaed the importance of aaliva as a diluting 
agent. He believed that bloat on aucculent herbage waa cauaed 
by the formation of a thick viacous rumen ingeata due to the 
lack of stimulation of aalivary flow. Since animale fed 
hay produced a large flow of aaliva, Weisa reasoned that lack 
of coarse forage accompanied by low rate of aalivary secretion 
was the important factor in development of bloat. On the 
other hand there ia considerable evidence indicating that a 
lack of liquid is not necessary for the production of bloat. 
Numerous workers have produced bloat on legume juice. Ferguson 
and Terry (39) found that the addition of extra saliva to 
animals being dosed with alfalfa juice did not prevent bloat. 
These contradictory reports emphasize the need for further 
studies on saliva. A particular aspect currently receiving 
concentrated efforts by New Zealand workers is the composition 
of saliva. Preliminary results reported by Johns et al. 
(59) in a study of the electrophoretic patterns of submaxillary 
mucoproteins show that there possibly are inherited dif­
ferences. Individual animals do vary in susceptibility to 
bloat. However, the difference between bloat susceptible 
and non-auaceptible animals does not appear to be abaolute. 
If bloating conditions are severe enough, all animals in a 
herd or flock may bloat. Moreover, some animale may bloat 
at one part of the season and not at others, with members 
of identical twins behaving similarly. The use of identical 
twins indicates that the tendency to bloat la an inherited 
15 
characteristic. Johns (52) found a greater difference in 
bloating behavior between pairs of twins than between members 
of either twin get. However, the susceptibility of the pairs 
of twins does not necessarily remain constant indicating that 
the basis of hereditary differences between animals is due to 
a state of the animal or the condition of the rumen contents 
rather than to anatomical differences. Many factors, including 
the possibility of saliva composition, may be involved in 
animal variation in susceptibility to bloat. 
b. Plant factors 
Chemical constituents of plants as related to the bloat 
problem were reviewed by Cole et al. (22). More recently 
Johns (58) reviewed certain findings concerning the effects 
of plant factors on the occurrence of bloat. In general the 
possible roles of chemical composition of plants or/and re­
sulting rumen fermentation substances relating to the production 
of bloat can be classified into three catagories: 
(1) Toxic compounds affecting rumen musculature. 
(2) Compounds leading to rapid formation of gas in 
the rumen. 
(3) Compounds contributing to formation and stability 
of foam in the rumen. 
Evidence reported in the previous animal factor section 
concerning rumen motility and the eructation mechanism tends 
to disprove the toxic factor theory. Convincing research 
correlating toxic materials and occurrence of bloat under 
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natural feeding regimens has not been apparent in the litera­
ture. However, certain materials either administered to 
animals by intravenous injection or with forage extract 
drenches have been shown to inhibit rumen motility and eructa­
tion and thereby stimulate a bloated condition. 
It has been postulated that histamine may be a factor 
contributing to bloat since this substance is found in rumen 
ingesta and intravenous injections cause paralysis of the 
rumen musculature. The histamine content of rumen ingesta 
has been reported to increase on a high protein diet. 
Histamine is also believed to be released systemically as a 
result of an allergic reaction. Derrickson et al. (34) 
reported the production of bloat by the injection of histamine. 
Shinozaki and Sugawara (106) intravenously injected histamine 
followed by pilocarpin hydrochloride into an adult goat; then 
insufflated air into the rumen and caused, as they described 
it, complete bloat. These authors acknowledged that this 
occurrence of bloat is probably different from acute bloat 
under natural conditions. Later, Shinozaki (105) demonstrated 
that histamine was not well absorbed through the rumen wall 
and that a high concentration of histamine administered orally 
into sheep had little or no remarkable effect on rumen physiology. 
Consequently, it was concluded by Shinozaki that the presence 
of histamine in the rumen ingesta has no direct correlation 
with bloat in ruminants. Dougherty and Cello (36) demonstrated 
toxicity factor(s) from induced overfeeding to fistulated 
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sheep. Dougherty and Cello (37) had previously reported that 
greater concentration of toxins were present in Ingesta of 
cattle and sheep suffering from acute indigestion and bloat. 
Histamine was the suspected substances since Dougherty had 
also shown that the Intravenous injection of histamine caused 
ruminai paralysis and found large amounts of histamine in the 
ruminai ingesta of covs that had died of bloat. Biochemical 
studies of rumen ingesta from the overfed fistula ted sheep 
did not identify histamine to be the toxic factor. 
Cyanides and flavones have been suggested as possible 
factors in causing or at least supplementing a bloated condi­
tion. In view of the non-bloating properties of birdsfoot 
trefoil as compared with alfalfa and Ladino clover and since 
birdsfoot trefoil contains an extremely greater amount of 
cyanide than the bloat-provoking legumes, it appears unlikely 
that cyanide plays an important role in the etiology of bloat. 
Ferguson and Terry (39) failed to produce bloat in animals 
dosed with flavone with or without cyanide. These same workers 
reported that the favone, trlcln, Inhibited the activity of 
isolated rabbit gut, but when a similar flavone, quercetin, 
was tested with ruminants, negative results were obtained. 
Alkalinity in the rumen has been associated with condi­
tions leading to bloat. Johns (52) cited considerable research 
to question this belief. Ammerman and Thomas (2) reported 
a lower pH of rumen ingesta from animals grazing forages than 
when they were fed hay. 
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Toxic gases such as carbon monoxide and hydrogen sulfide 
resulting from the digestion of legumes have been considered 
as playing a part in the pathogenesis of bloat, but there is 
little evidence to support this belief. 
Shaw and Jackson (103) demonstrated three physiological 
systems to be inhibited by different fractions of Ladino 
clover. The relationship between bloat and the fractions 
which were inhibitory to the in vitro assay systems was not 
conclusive, but intravenous Injections into ruminants caused 
symptoms that are associated with acute bloat. The in vitro 
assay procedure suggested that Ladino clover can contain 
at least two toxic substances, a choline esterase inhibitor, 
and an inhibitor of muscle respiration. 
Saponins, although frequently referred to as foaming 
compounds In the etiology of bloat are also included among 
possible toxic factors. Lindahl et al. (68) presented a very 
comprehensive study of the chemical, pharmacological and 
physiological properties of alfalfa saponins in relation to 
bloat In ruminants. Toxic levels of the composite saponins 
for mature sheep were reported to be approximately $0 to 60 
grams when given orally and one gram when given intravenously. 
Colvin et al. (25>) using diets of either sudan grass or 
alfalfa tops, reported that 100 grams of alfalfa saponin in 
either glucose or NaCl solution caused death in sheep. 
Following administration of the saponin solutions, rumen 
motility ceased almost immediately. 
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In summarizing the multitude of studies on toxic factors 
in plants or rumen ingesta, it appears that if these compounds 
are involved in bloat occurring from natural consumption of 
green forages, the effect is secondary or complimentary to 
other factors. 
In considering compounds leading to rapid formation of 
gas in the rumen, it should be kept in mind that while excess 
gas aggravates the distended condition, other factors probably 
prevent the normal escape of this gas. It is possible that 
some plant constituents, carbohydrates for example, could 
contribute to both rate of gas formation and the foaming that 
entraps the gas. Research concerning the relation of car­
bohydrates to bloat 'will be discussed in section B of this 
review. 
Rosen et al. (100) found that certain of the carboxylic 
acids possessed marked gas producing activity. Kalic, nialonic 
and citric acids in alfalfa extracts v/ere particularly active 
gas producers. These authors suggested that the bloat-provoking-
power of alfalfa may result from the relative abundance of 
substrates available for microbial decarboxylations. The 
consequent release of large amounts of carbon dioxide (which 
may be trapped in stable froth) could be a major factor in 
the etiology of legume bloat. 
Gould (lj.0) and Allen et al. (1) reported relatively 
high content of certain organic acids in fresh alfalfa tops. 
Gould (lj.0) found no definite relationship between bloat and 
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acids, although there was some indication that the acids might 
be precursors of bloat-provoking substituent». The incidence 
of bloat increased 3 or 4 days following the high acid content 
of the forage. Gould's results also indicated a possibility 
that malic acid content and the malic-malonic acid ratio 
might bear a relationship to bloat. 
Nichols and Penn (84) found that malonic, malic, citric 
and succinic acids added to strained fresh ruminai fluid 
increased the rates of foam formation and thus the volume 
of froth. It appears that organic acids found in alfalfa 
might also contribute to both entrapment and production 
rate of gas in the rumen as was previously implied for 
carbohydrates. 
Saponins and proteins are the main plant constituents that 
have been considered as contributing to foaming in the rumen. 
Lindahl et al. (68) presented data which indicated the 
alfalfa saponins contribute to the formation of froth and thus 
interfere with eructation in an indirect manner. The authors 
acknowledged the complexity of bloat and that the syndrome 
cannot be attributed to any single factor. Ferguson and Terry 
(39) working with alfalfa juice fractionations found the 
bloating factor(s) was not associated with chloroplastic 
materials in the juice, was non-ionic and not readily absorbed 
on exchange resins. These are properties possessed by saponins. 
However, alfalfa saponin, four other saponins and other 
foaming agents failed to produce bloat. Therefore, Ferguson 
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and Terry concluded that food constituents other than saponin 
and the physical condition of the rumen ingesta probably 
influence the stability of the foam. Jacobson et al. (50) 
reported that adding small amounts of saponin in the presence 
of gluoose increased the amount of stable froth in rumen 
fluid. Colvin et al. (25) observed foaming bloat when glucose 
and saponin were introduced into the rumen together, in 
other trials by these workers no distension was observed 
following use of alfalfa saponin. Conditions in the rumen, 
perhaps the pH as mentioned by Johns (58), apparently are 
not favorable to saponins for stable foam formation. Studies 
reported by Hungate et al. (46) also indicated that saponin 
content (alone) in the plant is not important in foam pro­
duction. 
Lindahl et al. (68) reported that at least six saponins, 
and possibly several more occur in alfalfa. Saponins in 
legume forage appear to belong to the trlterpenoid class, 
while many plant saponins are of the steriod class. It 
could be that only certain saponins have an important role 
in bloat etiology. If so, this would help to explain the 
inconsistent response obtained by various workers. Procedures 
that have been used for the determination of saponins in 
legumes are laborious and time consuming. Van At ta and 
Guggolz (114) suggested a new procedure, using paper 
chroma to grams, for the determination of saponins which they 
implied should facilitate the analytical procedure in separating 
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and determining the various saponins « 
Boda et al* (16), Johns ($2, 53)» and Mangan and Johns 
(72) have reported work indicating that the protein content 
of plante contributes to foaming in the rumen. Findings of 
these workers will be discussed in section B of this review 
along with other research concerning plant nitrogen compounds 
and their possible relationship to bloat. 
c. Other factors 
Prior to the proposal of the surface tension or foaming 
theory, rate and amount of consumption and the subsequent 
compact mass of succulent forage were thought to be important 
factors in the cause of pasture bloat. Jacobson (51) explained 
that this physical basis for bloat was possible since cows 
ate alfalfa three times as fast as bluegrass and chopped 
alfalfa forms a much more compact mass than chopped blue grass. 
Furthermore, at the rate of grazing observed it would be 
possible for these cows to ingest 50 to 100 or more pounds 
of succulent alfalfa before resting. Therefore, the large 
amount of compact material would tend to force the stomach 
down against the abdominal floor, depressing the esophageal 
groove below the level of the liquid and thereby preventing 
the escape of gas. This theory, although interesting and 
worthy of consideration, was not verified experimentally. 
Fifteen years later, in 1957» Nichols et al. (85), In 
studying frothing, surface tensions and viscosities of paunch 
contents associated with changes from alfalfa hay to fresh 
legumes, reported phenomena that supports the theory regarding 
the physical effect of feed consumed. They noted that fresh 
legumes fed initially, and followed by hay feeding, assume 
lower levels in the paunch for digestion which supports the 
belief that legumes are more dense than hays or grasses. 
This condition would be physically conducive to bubble forma­
tion and frothing in the lower paunch where gas escape is 
more difficult. Thomas (113), in comparing 15 minutes and 
l^- hour grazing periods, reported bloat observations and 
certain properties of rumen contents that indicated the amount 
of forage consumed is a factor to consider. No doubt there 
is a minimum of forage accessary before serious bloat occurs, 
but Johns (5?) claimed the occurrence of Moat in animals 
is not related to the rate or amount of herbage eaten; there­
fore , the greedy eaters are not necessarily the most susceptible 
Johns referred to a large number of trials in which the intake 
of forage was less for cows when they bloated than whan they 
did not. Johns also reported that although the majority 
of cases of bloat occur on succulent herbage, succulence 
is not essential because bloat had been produced by feeding 
cut red clover at all stages of growth, and even by clover 
hay. Regarding the density of feed, Johns (52) cited observa­
tions which are contradictory to the proposal advanced by 
Jacobson and by Nichols. In animals bloating on clovers the 
ventral portion of the rumen was found to be almost completely 
liquid which showed little foaming capacity. 
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Lack of sufficient scabrous material in the diet to 
elicit the reflex of eructation, another physical deficiency 
theory, was discussed by Cole et al. (22). This theory 
was based primarily on the observation that acute bloat has 
been a problem in the field only when animals are fed diets 
deficient in coarse scabrous material. As previously mentioned 
in the animal factor section, the Importance of mechanical 
scratching of the rumen wall is not accepted favorably by 
many research workers. A relatively recent paper by Colvin 
et al. (26) provides some evidence to support this physical 
deficiency theory. The results reported by these workers 
suggested that scabrous material in the diet is necessary 
to maintain the tonic activity of the central pool of motor 
nerves responsible for rumen motility and, perhaps, eructation. 
Climatic and soil fertility factors as related to bloat 
are interesting, but at present they should probably be classed 
as speculations rather than theories. Nearly every description 
of weather imaginable has been blamed as responsible for 
bloat by farmers who have perhaps encountered the problem 
irregularly. However, one factor is worthy of note. Johns 
(52) reported that, although bloat does not seem to be associated 
with a particular type of weather, bloat will increase a few 
days after heavy rains. Brown et al. (18) reported that 
bloat was usually greater about one day after rain and de­
creased during hot weather. These observations are plausible, 
especially if one subscribes to the belief that rapid changes 
in plant composition are conducive to the development of 
underlying factors causing bloat. Regarding soil fertility, 
Cooper (30), Cooper and Woodle (32), and Cooper et al. (31) 
proposed that balanced fertilization is important in controllin 
bloat. They emphasized the importance of sufficient available 
phosphorus and that ruminants may bloat on legumes grown on 
soil with a wide nitrogen-phosphorus ratio. These observa­
tions apparently were not based on actual bloat studies. 
Contrary to this claim by Cooper are reports by Brown (20) 
and Johnson et al. (60) that severe bloat was obtained on 
alfalfa plots that were heavily fertilized with phosphate. 
Actually, phosphorus fertilization is likely to increase the 
rate of plant growth and could thereby increase the occurrence 
of bloat, hilkens et al. (Il6) reported that high phosphorus 
fertilization increased the free reducing sugar content of 
Ladino clover. 
It appears likely that the climatic and soil factors 
necessary for the development of bloat will not be determined 
until substances present in the plant responsible for bloat 
production are known. 
Obviously, this review reveals that there are many dif­
ferent factors involved in the bloat syndrome. Nothing 
has been written up to now concerning the cause of death from 
bloat. The exact reason is still not clear. 
Brown (20) states that two groups of theories have been 
proposed for the cause of death. One maintains that death 
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is due to absorption of toxic factors from the rumen and the 
other states that the pressure in the rumen distends the 
diaphragm into the thorax thus mechanically interfering with 
respiration and circulation. Johns (52) cited an unpublished 
report by Phillipson that concluded there was no reason to 
reject the hypothesis that death from bloat is due to anoxia. 
Boda et al. (15) described in detail the sequence of events 
proceeding death of a cow from acute experimental bloat. 
Rumen pressure as measured by tympanometer started increasing 
appreciably in a little less than one hour after feeding 
and reached a peak of over 70 mm. Hg at about two hours. 
Colvin et al. (25) reported that post mortem inspection 
of sheep indicated that death from bloat induced by drenching 
with saponin, was associated with an intense submucosal and 
subserosal hemorrhagic condition of the gastro-intestinal tract. 
Hale and King (43) postulated that death during acute bloat 
may be due to the absorption of ammonium carbamate or some 
other related nitrogen compound. In their studies bloat 
occurred when urea was administered orally in doses that 
were fatal or near fatal. As previously stated, it is 
questionable if induced bloat is comparable to acute pasture 
bloat. Barrentine (5) recently reported that the cause of 
death from bloat was still unknown, but lung damage had been 
observed in all post mortems connected with his studies. 
The immediate cause of death according to Barrentine is 
asphyxia presumably due to reduced functional lung surface. 
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3. Prevention and Treatment of Bloat 
A very comprehensive review of literature concerning 
the prophylaxis and therapy of pasture bloat was prepared 
by Johnson (63). Cole et al. (22) included sections on 
prevention and treatment of bloat in their review. Reid (96) 
reviewed the New Zealand bloat experiments dealing with treat­
ment and prevention. 
With regard to prevention Reid (96) found that the most 
reliable measures depend on one or other of three principles. 
1. Dilution of dangerous with harmless feed. 
2. Prevention of foam formation in the paunch. 
3. Reduction of the rate of fermentation in the paunch. 
The first of these involves control by pasture management, 
while the last two involve administration of an antifoamlng 
agent and of penicillin respectively. Reid also found grazing 
management of value but of limited applicability for prevention 
of bloat. Reid stated that in his experience the only reliable 
method of treatment other than opening the rumen was drenching 
with antifoamlng agents. Antifoamlng agents are effective 
only against uncomplicated frothy bloat and can be used with 
confidence in moderate and severe bloat cases. More drastic 
measures are essential to save the life of an animal that has 
collapsed. 
The extensive experiments reported by Johnson (63) in 
studying the effectiveness of oils In bloat prevention and 
treatment support the hypothesis that bloat results from 
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froth or stable foam formation that traps the large amount 
of gases and thus prevents normal eructation passage of these 
gases. Also, antibiotic studies indicated that certain strains 
of microorganisms are associated with the foam formation. 
Effective control from antibiotics varied with penicillin, 
erythromycin and tylosin being particularly effective, espe­
cially if fed in rotation or combinations. Johnson's thesis 
(63) covered bloat investigations conducted with cattle during 
the past several years at Iowa State University. Specific 
findings, primarily on prevention of bloat, have also been 
reported by Brown et al. (19)» Johnson et al. (60, 6l, 62). 
These papers can essentially be summarized as follows: 
1. A water-dispensible oil at levels of 1 and 2 percent 
in the drinking water reduced incidence and 
severity of bloat. 
2. Procaine penicillin administered orally (75 mg. 
per animal daily) reduced bloat for nine days, 
but subsequently its effectiveness diminished 
rapidly. 
3. Various oils fed at the rate of 0.25 pound, 
or more, per animal in a grain mix reduced 
bloat during the following grazing period. 
4. Emulsified oils (100 to 200 ml.) administered 
by stomach tube promptly relieved severe cases 
of bloat if administered before animals were 
moribunded. 
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More detailed accounts of work conducted in New Zealand 
which served as a basis for some of the statements previously 
referred to by Be id (96) can be found in papers by Reid 
(93» 95), Raid and Johns (97) and by LlcDov.-all et al. (7'j, 75). 
These papers primarily demonstrated the effectiveness and 
limitations of different oils (vog-'table, mineral, and animal) 
and fats in the prevention of bloat. Sprit/in^ pastures with 
emulsified vegetable oils (tspecially peanut oil) tallow, 
butterfat and Avlinox (a riclnoleic acid derivative) provided 
a high dejree of protection from bloat. Sprays containing 
polymerized dimethyl silcone, used at different rates, were 
ineffective. Heavy application of oil caused some temporary 
damage to the herbage in strip spraying; less damage was 
encountered if lighter spray was used over the entire ration 
area. Drenching with linseed and soybean oils or tallow 
did not affect milk yield or composition, but the vegetable 
oils, especially at high dose rates, did give an off-flavor 
and had an effect on properties of the butter fat. 7/hale 
oil administered orally caused a decided "fishy" or "oily" 
off-flavor in milk and reduced milk yield. Consequently, 
whale oil was considered unsuitable for use with dairy cows 
as a treatment or prophylactic for bloat. Several materials 
without anti-foaming action failed to give relief. 
Concerning antibiotics for the prevention of bloat, 
Barrentine et al. (6) reported penicillin to be the only 
effective one, of five of the more common antibiotics tested, 
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for cattle grazing Ladlno clover. Penicillin had to be given 
several hours or overnight before It was effective In pre­
venting bloat In steers that were bloating before treatment. 
Reid (96) suggested that present methods of administration 
limit the practical use of penicillin. Johns (56) and Reid 
(96) noted that the amount of feed intake may increase after 
the use of penicillin and hence it is desirable to restrict 
the grazing of animals with an electric fence or some form 
of pasture rationing. If this is not done, dairy cows may 
become so full and uncomfortable that they cannot let down 
their milk. Mangan et al. (73) confirmed earlier reports 
and speculations that the action of penicillin in preventing 
bloat appears to be due to its effect on gas production and 
on the foaming properties of the rumen contents. They found 
the effect of penicillin on the rumen fermentation disappeared 
on repeated dosing. Mississippi workers, especially Barrentine, 
have been the principal advocators of the use of penicillin 
in controlling bloat. Recently, Shawver and Williams (lQlj.) 
from that station presented results verifying the Iowa and 
New Zealand findings that a resistance to penicillin can 
develop. 
Concerning another approach to bloat prevention, Bartley 
(8, 9) reported that feeding 1 to 2 pounds of linseed meal 
to cows before pasturing appeared to reduce the incidence 
of bloat and cause the bloat to subside more rapidly. He 
postulated that mucin In saliva or linseed could be responsible 
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for the protective action of these materials. This is a 
reasonable assumption if froth formation in cattle grazing 
legumes is due to a lack of salivary secretion. Johnson 
et al. (60) reported that gastric mucin in a grain mix was 
unpalatable and did not reduce bloat. 
Blake et al. (11) reported the effects of various surface 
active agents in vivo and in vitro. It was found that these 
compounds decreased the surface tension of the rumen fluid. 
Blake et al. (12) also reported that a significant reduction 
in bloat severity and bloat incidence occurred when cattle 
received 30 grams of an alkyl aryl sodium sulfonate-type 
detergent daily per 1,000 pounds body weight. A 20 gram 
dosage level had little effect. Likewise, trisodium phosphate 
(a pH alterant) had little influence on bloat occurrence. 
Neither cholesterol nor the detergent effectively reduced 
bloat when added to bloat-provocative alfalfa juice before 
administrating by drenching. Nichols et al. (83) reported 
detergents were effective in altering surface tension, but 
were unpalatable. These workers, as have others, also found 
lecithin products in some forms are effective in bloat pre­
vention. Mitchell et al. (77) in a field-type bloat test 
reported a higher average bloat score when crude lecithin 
was added to the drinking water than was recorded for control 
animals. Other results reported by these workers indicated 
that an emulsified crude soybean oil or oil concentrate added 
to the drinking water reduced bloat. This supported the 
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findings at Iowa referred to previously. 
Cole et al. (22) discussed studies on feeding of roughage 
prior to pasturing for prevention of acute bloat. Effective­
ness of this procedure has varied, but in the past California 
workers in particular have advocated the use of Sudan grass 
hay or pasture. 1-1 ore recently Colvin et al. (2ij ) reported 
that overnight feeding of 12 pounds of oat hay reduced both 
the incidence and severity of legume pasture bloat to about 
one-third of what they were in the pre-tes t period. 
Boda (lij.) found that dehydration of bloat-producing 
alfalfa greatly reduced its ability to produce bloat. Feeding 
alfalfa in various other forvis, such as fresh chopped (soilage 
and wilting for a few hours after cutting, have been practiced 
Cattle feeders and research workers have reported variable 
success -with these procedures in preventing bloat. Lof green 
et al. (69) and Ileyer et al. (76) reported results that in­
dicated alfalfa soilage could more successfully prevent bloat 
in she up than in cattle. Considerable variation in the 
selective grazing and eating habits of sheep compared to 
cattle were observed by these workers. She r. p being unable 
to select the forage desired when fed alfalfa soilage, 
apparently ate reluctantly. Rate and amount of consumption 
of bloat provoking forage are not necessarily related to 
occurrence of bloat as pointed out previously, but a minimum 
quantity of even very potent material would appear to be 
necessary to cause severe bloat. 
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The efforts and accomplishments toward control of bloat 
are commendable. However, certain limitations are apparent 
for all presently known methods. Effectiveness of many of 
these are variable or unreliable, especially for prevention 
or treatment of extremely severe bloating conditions. Others 
are impractical cllh'-r be c a us o r f cost or the labor' ous task 
of administration. If tho farmer wants to obtain complete 
advantages from grazing legumes, he may be reluctant to also 
feed dry roughares or supplementary grain mixes. 
'f. Experimental Production of Bloat 
Because of the many factors involved, a systematic 
approach to bloat research is extremely difficult. Severe 
or acute Mout cannot always be produced at will. Results 
obtained from Etudiez on certain fundamental aspects of the 
problem are not necessarily applicable or practical for 
interpreting actual bio a I; observations. 
C o 1 r- et al. (22) i n r e vie w 1 n g advances ma de i n e xperi-
mental production of bloat listed the following ways : 
1. By feeding a diet of ground corn, soybean oil ne al 
and leafy alfalfa hay (feedlot bloat). 
2. By drenching with legume juices or saponins. 
3. By feeding or pasturing legumes. 
Smith et al. (110) in using a rather typical feedlot 
ration observed that severe cases of bloat occurred before 
feeding in the morning or 12 hours or more following the 
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proceeding day's feeding. This is decidedly different from 
pasture bloat in which severe bloat usually occurs within 
two hours after the beginning of grazing. It is doubtful 
if results obtained from feedlot bloat studies can be directly 
applied to understanding the factors involved in pasture bloat. 
Lindahl et al. (67) fed a ration including 6l percent barley, 
l6 percent soybean oil meal, 22 percent alfalfa meal and 1 
percent salt to produce bloat. No significant difference 
in bloating effect was found by substituting corn for barley, 
or alfalfa hay for the alfalfa meal. Lack of coarse roughage 
did mot appear to be important in the type of bloat produced. 
Blake (13), Derrickson et al. (34 ) > Ferguson and Terry 
(39) and Moore et al. (79, 80) have used forage extracts to 
produce bloat experimentally. The bloat produced under these 
conditions appears to be quite different from bloat observed 
in the field. Boda et al. (16) produced bloat by administer­
ing large quantities of egg white to cows consuming ground 
dehydrated alfalfa. 
Boda et al. (l4), Br own (20) and Johns (52) have reported 
the use of cut or chopped legumes (soilage) to produce bloat. 
Bloat produced by this procedure, particularly a stall-feeding 
set-up, permits close coordination between the bloating pattern 
and samplings of rumen ingesta or blood to be studied. Johns 
(52) felt that bloat could be produced with sufficient regularity 
for experimental purposes by feeding fresh red clover to 
stalled cattle. 
35 
Certainly the procedure that ie moat applicable to the 
critical problem is to study bloat with animals grating 
legumes. Unfortunately, bloat cannot always be produced 
consistently in this manner. Reports on this method of 
studying bloat are too numerous to refer to individually, 
investigators from the Iowa and Mississippi stations and in 
Hew Zealand have been the principal workers studying bloat 
with grazing animals. Conducting this type of research 
requires considerable managerial ability. Also, several 
qualified persons are needed if bloat observations are made 
concurrently with sampling of forage and various animal 
criteria that might contribute to the understanding of the 
cause of bloat. 
B. Selected Research Relating to Bloat Studies Conducted 
1. Dietary Factors as Related to Bloat 
Much of the research studying the possible relationship 
of nutrients with cause of bloat has employed the procedure 
of drenching animals with forage extracts. Blake (13) 
reported that clinical appearance, rumen fluid properties 
and response to therapy differed between animals bloating 
on pasture and those bloating following forage extract 
administration. Consequently, one may question the validity 
of employing forage extracts to simulate bloat that occurs 
with animals receiving a natural type of diet. 
Johns (53) postulated that protein or its degradation 
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products may play some part in bloat. Johns (52) concluded 
that the conditions in the rumen were suitable for protein 
to play at least a minor role in the production of a stable 
foam. Ross and Butler (101) reported that proteins produced 
foams of outstanding stability by virtue of plastic surface 
films. The addition of commercial antifoams to protein 
solutions reduced or inhibited the normal surface plasticity 
of such solutions. Boda et al. (16) reported that intra-rumen 
introduction of fresh egg white produced moderate bloat in 
cattle fed ground, dehydrated alfalfa. Frequency of eructa­
tions were reduced for the first 90 minutes following administra­
tion of ths egg white, due presumably to formation of a stable 
foam. These results suggested that water-soluble plant protein 
may be an important factor in the etiology of bloat. Studying 
fresh forage extracts prepared from bloat-producing alfalfa, 
Derrickson et al. (3%) reported that the bloat-producing 
factor was water soluble but nonprotein in nature. During 
fermentation and foam production protein degradation could 
take place rapidly so that the techniques employed by these 
workers would not have detected protein as a factor contributing 
to bloat. 
Jacobson et al. (50) reported that saponin in the presence 
of glucose increased the amount of stable froth in rumen 
ingesta. Since Ferguson et al. (39) could not produce bloat 
from various saponins but did from fractionations of alfalfa 
juice, they stated that other constituents probably influence 
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foam stability. Blake (13) found that addition of dextrose 
to forage extracts increased incidence and severity of bloat. 
Dextrose in water was fatal to cattle when administered at 
a high concentration and in large quantity. Considering the 
results reported by Blake and Jacobson et al. and also in vitro 
studies by Rels and Reid (98), it appears that glucose could 
contribute to a nutrient complex involved in foamy bloat. 
To the contrary, Moore et al. (79) reported that drenching 
sheep with 1 percent glucose solution did not produce bloat. 
Furthermore, these workers reported that even though alfalfa 
juice produced bloat 30 percent of the time, the amounts of 
sugar, protein and solids in the drench showed no indication 
towards the production of bloat. 
No concrete Implications of minerals with the cause of 
bloat are apparent In the literature. Cooper (30) postulated, 
without reporting the results of any actual bloat studies, 
that bloat would increase if animals consumed legumes grown 
on soils deficient in phosphorus. Brown (20) and Johnson 
(63) reported that bloat was severe after pasturing alfalfa 
grown on land that had been heavily fertilized with phosphate. 
Jacobson (51) reported that limestone (calcium carbonate), 
added to rumen Ingesta contents, accelerated In vitro fer­
mentation probably through neutralization of the acids formed. 
Blake (13) cautioned that in many instances in vitro résulta 
differ from in vivo and consequently conclusions need to be 
carefully made accordingly. 
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Information on the relationship of nutrient materials 
to the production of bloat is conflicting and limited. More 
research is needed on this possible relationship, particularly 
by studying bloat with animals fed or pastured on physically 
unaltered legumes. 
2. Plant Composition as Related to Bloat 
The relationships of plant composition and bloat severity 
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reported in the literature are inconsistent and confusing. 
Brown (20) reported a highly significant positive cor­
relation between bloat severity and total nitrogen in alfalfa 
soilage samples; whereas, Johnson (63) reported a small 
negative correlation for the same comparison but with analyses 
of forage samples taken from alfalfa pasture plots. In the 
pasture samples the correlation of bloat severity and reducing 
sugars was positive and highly significant statistically 
while in the soilage samples the correlation was virtually 
zero. The pasture samples also showed a positive relationship 
between bloat severity and calcium content of the forage. 
A negative relationship between bloat severity and calcium 
content of the soilage samples was found, and potassium, 
phosphorus and the amino nitrogen contents showed a positive 
relationship with bloat severity. Brown (20) concluded 
that these studies indicated that the chemical composition 
of forage that will cause bloat is not greatly different 
from that which will not cause bloat. 
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Johns (54) reported that the most striking change in 
plant composition is the rapid decrease of protein level 
in late spring and rapid rise in the autumn. Also, the 
non-protein nitrogen, calculated as the nitrogen extracted 
by dO percent alcohol followed by water, varied between 5 
percent and 22 percent of the total nitrogen. Johns found 
no consistent variation in non-protein nitrogen percent 
due to plant species, to stage of growth, or to total nitrogen 
level. Bloat is usually more prevalent in early spring and 
in the early fall seasons when the protein and/or nitrogen 
content is high or increases rapidly. 
Allen et al. (1) reported a significant increase in 
non-protein nitrogen content of alfalfa tops with increasing 
time after irrigation and a gradual but limited increase in 
amino nitrogen. 
Mangan and Johns (72), testing the foaming properties 
of crude plant macerate fractionations of bloating and 
non-bloating clover, could show no relationship between soluble 
protein combined with saponin or with saponin and chloroplasts 
and the bloat promoting potential of the fresh forage. It 
was postulated that the grinding procedure in making the 
fractionation extracts, being more severe than maceration 
by the cow, could have released all of the soluble plant 
constituents thus accounting for the negative results. 
Quin (92) reported that the sugar in alfalfa is re­
sponsible for very rapid fermentation through the agency of 
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a strain of false yeast found in the rumen of sheep. Hungate 
et al. (46) proposed that the high content of available 
carbohydrate in lush legumes might provide sufficient sub­
strate to support a copious production of slime material. 
Wilkens et al. (Il6) reported that the free reducing sugars 
were more than twice as high in May cuttings of Ladino clover 
as in later seasonal cuttings. Free reducing sugars, hydro-
lyzable sugar fraction and total sugar content all decreased 
approximately 15 percent with maturity of first cutting 
Ladino clover. 
V/likens et al. (llo) found the diurnal trends in sugar 
fraction contents of Ladino clover were not consistent, but 
there was a tendency for reducing sugars to increase until 
early p.m. and then hold constant. Allen et al. (1) reported 
that the reducing sugars in alfalfa tops increased to a 
maximum at 2 p.m., then declined. Hungate (46) reported 
that the fermentation rate just before the morning grazing 
on Ladino clover was significantly lower than the rate before 
the afternoon feeding, owing to the longer fasting interval. 
These differences in fermentation rates and the diurnal 
variation in reducing sugars in legumes could explain the 
higher incidence of bloat in afternoon grazings than in 
morning grazings observed by Johnson (63) and by this 
writer. 
Mangan and Johns (72) could find no correlation between 
the concentration of sugar in samples of red clover and their 
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bloat-producing potency. These workers acknowledged that 
only a limited number of samples were analyzed and an omission 
in the analysis of readily fermented material was the deter­
mination of starch. Bailey (3) reported that clover contains 
much more starch than grasses and the starch content can change 
from time to time. 
Mangan and Johns (72) stated that based on their studies 
the difference between bloating and non-bloating herbage 
is unlikely to be entirely due to any difference in concentra­
tion of particular substances in the herbage. They postulated 
that the degree of maceration by chewing of plant material 
which could vary with the physical condition of the herbage 
may play an important part in the release of bloat provoking 
substances in the rumen. Conrad et al. (29) reported results 
showing that the plant substances responsible for the initial 
rapid gas production obtained with green alfalfa were closely 
associated with the fiber fraction. Purified pectin, crude 
pectins, glucose, and galactose increased gas production when 
added to washed alfalfa fiber. Furthermore, added pectin 
decreased the amount of plant material required to form a 
stable mass and increased the stable Ingesta volume when 
incubated with rumen contents in vitro. These findings 
support the possibility that the physical structure of green 
legumes may influence their bloat potential. Pounden et al. 
(91) found this particular type of fiber associated with 
formation of stable foam masses to be present only in alfalfa 
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and Ladino olover. Conrad et al. (29) concluded from their 
findings that the combined efforts of the physical structure 
of green alfalfa fiber, pectin substances of alfalfa plants, 
galacturonic acid obtained on hydrolysis of pectic substances, 
and reducing sugars normally present are capable of causing 
the formation of stable foam found in pasture bloat. 
3. Chemical Changes in Rumen Ingesta and Blood 
numerous determinations have been made on chemical changes 
in rumen Ingesta and blood connected with animal nutrition 
or metabolism studies. A very limited number of these chemical 
studies have been made concurrently with animal bloat observa­
tions. In vitro fermentation studies are Important to screen 
possibilities, but findings need to be confirmed with bloating 
and non-bloating animals. Some investigators have employed 
the use of rumen-fistulated animals in bloat studies. 
Shinozaki and Sugawara (107) incubated fresh leaves 
of different forages in anaerobic conditions at 38° C. with 
rumen liquor and artificial saliva. They studied the fermenta­
tion products from the incubated forage leaves after a four 
hour shaking period and also without shaking for a period 
of 22 hours. The amounts of gas and volatile acids produced 
by fermentation were markedly higher in incubation of Ladino 
and red clover leaves than in orchard grass or birdsfoot 
trefoil. %e content of non-protein nitrogen and ammonia 
of both clover samples were increased as fermentation proceeded; 
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whereas, those on orchard grass were decreased gradually. 
These results suggested that the protein components of the 
legume leaves were soluble in water and probably liable to 
be readily attacked by micro flora. In a later paper, 
Shinozaki et al. (108) reported that a sudden change in 
feeding from a hay diet to grazing markedly caused an increase 
in volatile acids and nitrogen fractions, especially protein 
nitrogen, in the rumen contents. These products would be 
concerned with microbial activity. 
Johns (55) reported that maximum post-feeding ammonia 
nitrogen levels varied between 35 and 130 mg. per 100 ml. 
of rumen contents. However, peak levels did not coincide 
with peak levels in the herbage, nor did low concentrations 
necessarily result from the ingestion of low-protein herbage. 
Brown (20) and Johnson (63) reported the ammonia in 
rumen ingesta was higher in bloated than non-bloated animals 
that were grazing alfalfa. 
Bailey (If) found the concentration of soluble poly-
sac caharide in cell-free rumen liquor was low and no greater 
in bloating than non-bloating animals. Bailey previously 
had determined, as cited by Johns (58), that the dry matter 
of red clover contained as high as k*S'y<> of readily fermentable 
starch. 
Head (1|5) studied the rumen fluid from fistulated cows 
that had been fed freshly cut or grazed on a new area of 
clover or lucerne. He prepared a filtrate that foamed 
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considerably upon shaking. This foaming constituent was 
precipitated from solution with 70 percent ethanol at pH 4» 
The compound was not denatured by alcohol precipitation. 
The results suggested that the foaming constituent was car­
bohydrate in nature. The main sugars were those normally 
found in pectins and hemioellulose fractions of plants. 
Head postulated that pectins and/or hemicellulose are the 
substances responsible for foam formation which entraps the 
gas rapidly formed by very active rumen fermentation of legume 
forages. 
Bartiett et al. (7) determined blood components in steers 
changed suddenly from dry feed to pasture. No differences 
were found in serum calcium, sodium, potassium and blood 
glucose. However, they found a considerable increase in blood 
serum non-protein nitrogen, urea and ammonia. The concentra­
tions of these nitrogen components were highest in groups 
of cattle grazing swards (pastures) which had received a 
heavy dressing of nitrogen fertilizer and had a high nitrogen 
content. 
Brown (20) and Brown et al. (17) reported that blood 
ammonia and non-protein nitrogen changed but little during 
bloat. Although the average ammonia nitrogen levels were 
higher for bloated than non-bloated animals; variability 
was too great to permit a statistically significant relation­
ship between bloat and blood ammonia levels. It was also 
reported that whole blood phosphorus tended to increase during 
bloat. Plasma inorganic phosphorus and plasma lipid phosphorus 
were significantly higher in bloated animals than in non-bloated 
animals. All of these constituents increased somewhat during 
grazing and were higher when animals were grazing good forage 
than when grazing poor forage. 
Lewis et al. (66) found that changes in rumen ammonia 
are paralleled by changes in portal blood ammonia. These 
workers and Repp et al. (99) reported that if the level of 
ammonia in peripheral blood is about 10 mg. per milliliter, 
toxic symptoms will be noted. Lewis (65) found that under 
a given feeding regimen, the concentration of blood urea in 
experimental sheep was constant. Changes in the diet led 
to different levels of blood-urea concentration which were 
correlated with different rumen-ammonia concentrations. 
Any change in blood-urea concentration followed increases 
or decreases in rumen ammonia after a delay period of four 
to eight hours. Fluctuations in blood-urea concentration 
were not due to changes in overall nitrogen intake. 
Shinozaki et al. (109) reported an increase in blood 
sugar, and lactic acid, but no significant change in non­
protein nitrogen values after obstructing the esophagus of 
a goat. The experimentally induced bloat showed decidedly 
different symptoms from those of acute ruminant tympanies. 
Jackson et al. (1|7, reported that alfalfa pasture 
caused increased blood plasma cholesterol when bloat was 
observed and the cholesterol values were highest with greater 
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severity of bloat. No significant change was noted for either 
red cell cholinesterase (both in vivo and in vitro systems) 
or ascorbic acid during bloat. 
47 
III. EXPERIMENTAL 
The studies conducted during the past three years will 
be reported in four sections. Bloat studies with lambs fed 
green chopped alfalfa (soilage) were carried on throughout 
the summer of 1957* A series of trials using clipped alfalfa 
(soilage) were continued in 1958 employing a different experi­
mental design and with different treatments from the previous 
year. During the latter part of 1958 and during the entire 
1959 grazing seasons bloat studies were conducted with lambs 
on alfalfa pasture. Foliar sprays containing the nutrient 
materials tested were applied to the forage prior to each 
grazing period. Forage samples were taken during each experi­
mental grazing period throughout the 1959 season. These 
samples were frozen immediately and kept frozen until analyses 
were made. Ammonia nitrogen and non-protein nitrogen deter­
minations were made on blood samples from lambs taken at 
different intervals of the bloat observation experiments. 
A. Bloat Studies with Lambs Fed Alfalfa Soilage 
The experimental design and treatments for the initial 
bloat trial with alfalfa soilage are shown in Table 1. The 
forage was harvested by a forage chopper and brought to the 
experimental pens as soon thereafter as possible., Prescribed 
levels of urea (feed grade) and/or sugar (corn syrup) were 
accurately weighed, dissolved in water and sprinkled on the 
daily allowance of forage for each test group of 4 lambs. 
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Table 1. Experimental design for the initial bloat study 
with lambs fed alfalfa soilage 
Urea added 
0 0.25$ 0.50# 
Treatment* 
0 1 2 3 
1% 4 5 6 
z% 7 8 9 
aNine groups of lambs (4 lambs per group) were rotated 
every 3 days from one treatment to another according to a 
system of random numbers. Thus, each group of lambs received 
the 9 treatments during a 27 day experimental trial. 
The sprinkled soilage was turned with a fork two or more 
times to facilitate dispersal of nutrient materials through 
each ration. An equivalent amount of water was sprinkled 
on soilage fed to a control group. 
The urea levels of 0.25 percent and 0.50 percent provided 
an increase in protein equivalent of approximately 3.0 percent 
and 6.0 percent respectively on a dry matter basis for the 
forage consumed. Also, the possibility of urea toxicity 
was considered in deciding on the upper level. Repp et al. 
(99) reported that fatal toxicity was encountered by drenching 
lambs with a solution containing a 40 gram dose of urea. 
Assuming a maximum daily consumption of 15 pounds of soilage 
per lamb, the 0.50 percent level of urea added would equal 
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34 grams. 
For trial 2 the procedures and treatments used in trial 
1 were repeated and in addition 0.07 percent phosphorus in 
the form of dibasic sodium phosphate was included in all 
nine treatments. In trial 3 the urea levels were doubled, 
sugar additions remained the same as in the previous trials, 
and 0.25 percent potassium, as potassium carbonate, was added 
to all nine treatments instead of phosphorus. 
A bloat score and the abdominal circumference increase 
(see footnotes in Table 2) were recorded daily for each lamb 
to measure the amount of bloat. Blood ammonia nitrogen 
determinations were made every third day on two lambs from 
each of the following treatments : control, high level of 
urea, high level of sugar and the combination of high levels 
of these two additives. 
Data showing the results obtained during the three trials 
are presented in Table 2. Only a slight amount of bloat 
occurred during the 8l day experiment and differences observed 
or measured due to treatments were small. During trial 1 
bloat measurements tended to be greater when the 0.25 percent 
level of urea and either the 1 or 2 percent levels of sugar 
were added, singly or in combination, to the alfalfa soilage. 
During trial 2 (phosphorus added to all treatments) there 
was no difference in bloat values between the control group 
and lambs receiving the 0.25 percent addition of urea. However, 
the sugar additions tended to increase bloat values and the 
Table 2. Effect of urea, sugar,, phosphorus, potassium additions to alfalfa soilage 
on production of bloat in lambs 
Treatments : 
Trial 1 
Urea, % added 
Sugar. added 
Average bloat score* 
Circumference increase, in.b 
Trial 2 
Urea, % added 
Sugar, % added 
Phosphorus. % added 
Average bloat score* .3 
Circumference increase, in.b 4.22 
Soilage consumed/lamb, lbs. 11.6 
1 2 3 4 5 6 7 8 9 
-
0.25 0.5 
1.0 
0.25 
1.0 
0.5 
1.0 2.0 
0.25 
2.0 
0.5 
2.0 
.44 
3.69 
10.5 
i.lï 
10.4 # .52 3.89 10.4 .59 3-92 10.5 •49 3.79 9.9 •54 3.72 IO.4 3*^ 8 10.3 3.^ 3 9.9 
- 0.25 0.5 
1.0 
0.25 
1.0 
0.5 
1.0 2.0 
0.25 
2.0 
0.5 
2.0 
0.07 0.07 0.07 0.07 0.0 
3.86 4.33 4^7 
10.7 11.7 11.4 
0.01 7 0.07 0.07 0.07 
52 33 31 
" 4.21 4.3Î 
11.3 11.2 
Trial 3 
Urea, % added 
Sugar, % added 
Potassium. % added 0.25 
, ^ 4.23 
11.7 
0.5 
0.2f 
4.27 
11.1 
, 
4.28
11.3 
Average bloat score* .36 .20 
Circumference increase, in.b 4*73 4»l6 
Soilage consumed/lamb, lbs. 12.3 11.0 
1.0 
0.2* 
1.0 
0.2f 
0.5 
1.0 
-4# 
1.0 - 0.5 1.0 
1.0 2.0 2.0 2.0 
0.25 0.25 0.25 0.25 
3.31 4*o8 
8.5 11.9 
3.88 4lil 
8.9 11.7 
aLambs scored 2 hours after feeding; 0 equals no bloat, 1 equals slight, 
2 equals moderate, 3 equals severe. 
C^ircumference increase (inches) equals measurement taken to 3 hours after 
feeding minus pre-feeding measurement. 
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greatest amount of bloat was again observed from the treatment 
combination of 0.2$ percent urea and 1.0 perçant sugar. When 
urea was added at a level of 0.5 percent or 1.0 percent 
as in trial 3, alfalfa soilage consumption decreased and 
correspondingly less bloat was observed than with the control 
group of lambs. Average bloat scores for all treatments were 
lower during trial 3 than for the previous trials. This was 
probably because the forage contained more weeds and therefore 
was even less bloat provocative than earlier in the season. 
For the second series of trials using soilage to study 
bloat, clipped alfalfa was fed to lambs. It was thought that 
forcing the lambs to consume the entire plant in the chopped 
form during the 1957 trials may have hindered the possibility 
of producing a more severe degree of bloat. It was planned 
to feed just the top four or five inches of the alfalfa plant 
during the 1958 trials. However, the type of mower available 
did not permit this plan to be accomplished. Actually consider­
ably over one-half of the entire plant was fed. 
A 2 x 2 x 2 factorial design employing 32 lambs divided 
into 8 groups of 4 lambs each was used in the first experiment 
with alfalfa clippings. Solutions of egg white, glucose and 
phosphorus at 0.1 pound, 0.1 pound and 10 grams respectively 
per lamb per day were sprinkled singly and in combination 
on the soilage. The protein, sugar, and phosphorus materials 
were dispersed just prior to feeding the soilage in the same 
manner as previously described for the 1957 trials. 
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Bloat measures beginning in 1958 differed from the previous 
trials by expanding the descriptive criteria for the evaluation 
scale and omitting the circumference measurements. Different 
procedures have been reported in research studies for measuring 
the degree of bloat obtained. Boda et al. (15# 16) and Johns 
(58) have used devices that measure mm. Eg. changes In rumen 
pressure. Held (94) described a tympanograph apparatus that 
recorded abdominal girth changes in stalled animals. Equipment 
that must be attached to the animal limits the number of 
observations, that can be made simultaneously, to the number of 
individual apparatus available. Taking abdominal girth 
changes with a tape measure is very time consuming. Also 
the correlation between girth changes and the severity of 
bloat is questionable. The magnitude of distension and 
degree of distress symptoms are not necessarily compatible 
for individuals animals and an attempt should be made to 
compensate for this. Brown (20) and Johnson (63) employed 
the use of a bloat rating scale that considered both the 
amount of distension and the degree of distress symptoms. 
This procedure with sligit modifications in the descriptive 
criteria was adopted and used in all of the remaining bloat 
studies with lambs reported herein. A description of the 
scale used in assigning bloat scores is shown in Table 3. 
Bloat frequency and average bloat scores for groups 
of lambs fed the alfalfa soilage treated with egg white, 
sugar and phosphorus are presented in Table 4# Experiment 1. 
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Table 3* Description of scale used In assigning bloat scores 
during the 1958 and 1959 experiments 
Score Description 
0 No bloat - no distension on left side 
1 Slight - "puffy" distension on left side 
2 Mild - marked distension on left side; 
slight distension on right side 
3 Moderate - extreme distension on both sides; 
drumlike, minor distress symptoms 
4 Severe - extreme distension on both sides; 
discomfort, difficult breathing, 
excessive urination, etc. 
5 Terminal - extreme abdominal distension; 
severe distress, down, death 
unless treated 
The addition of sugar alone appeared to increase the amount 
of bloat. Bloat measures were not Increased by the addition 
of protein, phosphorus or any of the combinations. 
A further study was made in which three levels of sugar 
were added to the fresh clipped alfalfa. Only the lambs that 
had previously shown a tendency to bloat were used in this 
experiment. There appeared to be no difference in frequency 
and degree of bloat between lambs on the control ration 
and lambs receiving 0.10 or 0.15 pound of sugar per day 
(see Table 4> Experiment 2). Increasing the level of sugar 
to 0.2 pounds per lamb dally decreased the bloat incidence. 
Ihis may have been due to a reduced rate of consumption by 
54 
Table 4* Effect of protein, sugar, and phosphorus additions 
to alfalfa soilage on production of bloat in lambs 
Treatment6 Bloat 
frequency1* 
Bloat 
index6 
Experiment 1& 
Control 36 .38 
Protein 13 .13 
Sugar 52 .64 
Phosphorus 29 .33 
Protein and sugar 34 • 43 
Protein and phosphorus 38 .42 
Sugar and phosphorus 9 .11 
Protein, sugar and phosphorus 21 .22 
Experiment 2 
Control 38 
.44 
0.10 lb. sugar 45 • 45 
0.15 lb. sugar 35 .48 
0.20 lb. sugar 23 .23 
aEach experiment is the average of two trl&ls. Each 
value represents the average for eight lambs. 
bpercent of lambs bloating; total lambs given bloat score 
divided by lamb days. 
cAverage bloat score; total score (0 to 5 scale) divided 
by lamb days. See Table 3 for description of bloat evaluation 
scale. 
*0.1 lb. egg white (Protein), 0.1 lb. cerelose (Sugar), 
and phosphoric acid (10 gr. Phosphorus ) in water solutions 
added per lamb daily. 
the lambs on the 0.2 pound level of sugar. 
Additional lambs to those used on the experiments just 
reported were drenched one hour after feeding alfalfa soilage 
with protein (egg white) or sugar. Attempting to produce 
a more severe degree of bloat by drenching with these nutrient 
materials, singly or in combination, was unsuccessful. 
Drenching with different levels of egg white and sugar did 
not alter the bloat pattern of lambs when compared to a control 
group. 
In the last series of trials using alfalfa soilage to 
study bloat, urea was sprayed on the plant foliage before 
cutting and feeding it to lambs. Belasco et al. (10) reported 
that foliar spraying of urea substantially increased the 
nitrogen content of grasses as shown by analysis of plant 
samples taken from 3 to 10 days after the applications. 
Absorption of urea was evident eight hours after treatment, 
demonstrating rapid uptake of urea by the plant. No residual 
urea was found in pangola grass and orchard-fescue samples 
taken three and five days respectively after foliar applica­
tion, indicating complete conversion of absorbed nitrogen. 
Furthermore, in vitro studies showed increased cellulolytic 
response of the grasses which received the foliar-urea appli­
cation. It was also demonstrated that this increased cellu­
lolytic response was not due primarily to the increase in 
total nitrogen content alone, but that considerable plant 
metabolism had been stimulated by the foliar application 
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of ttrea. With these findings in mind and since alfalfa 
soilage that had been sprinkled with high levels of urea 
just prior to feeding was consumed reluctantly by lambs in 
the 1957 trials, it was decided to try the foliar application 
technique to study bloat. 
Crystalline urea, at the rate of 4 pounds per 1/10 acre, 
was dissolved in 10 gallons of water containing a small amount 
of detergent-dispersing agent and sprayed on growing alfalfa. 
Alfalfa that was cut two to five days after the foliar spraying 
with urea was consumed readily by the lambs. An Increase 
in bloat resulted when lambs fed the urea-sprayed forage were 
compared with lambs receiving untreated alfalfa soilage as 
shown in Table 5. However, the degree of bloat was not severe. 
Therefore, the next procedure was to test Xhe effect of foliar 
application of urea on bloat with a grazing experiment. Bloat 
data for the preliminary pasture test are also shown in Table 
5, but the experimental procedures and results will be dis­
cussed in the following section. 
B. Bloat Studies with Lambs on Alfalfa Pasture 
Due to the difficulty in obtaining severe cases of 
bloat by soilage feeding, lambs were evaluated in a limited 
study by grazing plots that caused severe bloat in cattle. 
In three, two-hour grazing periods an average of 6 out of 
10 lambs bloated. During one period 3 cases of severe 
bloat developed (one lamb died and another collapsed but was 
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Table 5. Effect of spraying alfalfa with urea on production 
of bloat in lambs 
Average score 
Bloat* Bloatb for 
frequency index bloated lambs 
Control Urea Control Urea Control Urea 
Alfalfa soilage0 46 64 .46 .79 1.24 1.23 
Alfalfa pasture^  28 56 .48 .89 I.69 1.58 
P^ercent of lambs bloating; total lambs given bloat score 
divided by lamb days. 
A^verage bloat score; total score (0 to 5 scale) divided 
by lamb days. 
cEach value is the average of 8 lambs for three different 
trials. After each trial the treatments were switched to 
different lambs thus the values represent the average of 24 
lambs. Each trial was 4 days in length. 
*Ten lambs on each treatment were allowed to graze for 12 
two-hour periods. One lamb died due to bloat on the urea-
sprayed forage on the 3rd day leaving only 9 lambs on this 
treatment. 
saved). Similar forage clipped from an adjoining area and 
fed to lambs failed to produce severe bloat. This comparison 
encouragingly indicated that if the proper conditions exist, 
lambs are suitable test animals for bloat study. 
Since the results of the foliar applications of urea 
on alfalfa, fed as soilage, showed promise and because lambs 
apparently bloat to a higher degree on pasture, a grazing 
trial comparing urea-sprayed and untreated alfalfa was con­
ducted. Equal-sized adjoining plots were fenced to provide 
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a two-day grazing area 1'or two groups of ten lambs each. 
In the initial comparison (four grazings) the foliar applica­
tion of urea was made 2& days prior to the first grazing. 
In the latter two comparisons, grazing was begun one day 
after spraying. The urea solutions were applied to the alfalfa 
forage with a low-pressure hand sprayer at the equivalent 
rates of J4.O or 80 pounds of urea per acre. The higher level, 
used in only one of the three comparisons, caused considerable 
foliage burning. 
Bloat observation results for the first pasture trials 
are shown in Table 5. A greater percentage of lambs grazing 
the urea-sprayed alfalfa were given a bloat score and this 
test group had a considerably greater average bloat score 
than lambs grazing the untreated alfalfa. Average score for 
only the bloated lambs was virtually the same for the two 
groups. The control group included one chronic-type bloating 
lamb which may have been a distorting factor in comparing 
the degree of bloat. More cases of severe bloat were observed 
in the pasture trials than had previously been observed for 
the same lambs consuming alfalfa soilage. It appeared from 
these limited studies that foliar application of materials 
to legumes had promise as a method for studying bloat. 
Consequently, this procedure was followed in all of the 
remaining bloat studies to be reported. 
A new seeding of alfalfa was established in the fall 
of 1958 and in the spring of 1959 the area was divided into 
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eight (50 x 200 feet) experimental grazing plots. Later in 
the season these plots were subdivided into 50 x 100 feet 
plots to permit the comparison of four groups of lambs grazing 
on adjoining plots. The pastures were clipped after each 
grazing trial to provide actively growing alfalfa of as uniform 
quality as possible for subsequent comparisons. Lambs were 
allowed to graze the experimental alfalfa plots twice daily 
for 2 to 3 hour periods starting at 7:00 a.m. and again at 
about 3:00 p.m. Figure 1 shows lambs grazing on the alfalfa 
plots. 
Lambs were allotted to treatments on the basis of a 
previously determined bloat pattern. Prior to the first 
trial 36 lambs grazed in the same alfalfa plots for five 
days (ten grazing periods) while the bloating pattern was 
being characterized. Figure 2 illustrates different degrees 
of bloat scored for lambs according to the evaluation scale. 
Lambs were rated and blocked into high, average and low 
bloat susceptibility sub-groups before random allotment 
to different test groups. For repeat trials comparing the 
same treatments, groups of lambs with equivalent bloat ratings 
were switched from one treatment to another. It was realized 
that the bloating pattern of individual lambs may be sporadic 
from day to day. However, the procedures described for 
blocking and allotment of lambs were intended to reduce varia­
tion in animal susceptibility to bloat for the experimental 
groups compared. During each grazing period bloat scores 
Figure 1. Lambs grazing on alfalfa plots during the 
bloat trials when the effect of foliar 
application of urea was being studied. 
The lambs used in the bloat trials were 
about one year of age and weighed from 80 
to 100 pounds when placed on experiment. 
Figure 2. Illustration of bloat evaluation scale. 
From left to right, the lambs were scored 
3, 2, and 0 on the basis of abdominal 
distension. A few minutes after this 
picture was taken the lamb that was given 
a score of 3 showed distress symptoms. 
Since it was necessary to relieve this 
lamb by administering an oil drench, the 
original score of 3 was changed to a 
score of 4. 
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were recorded at Intervals of one hour or leas. The highest 
recorded score during each grazing was used to summarize the 
degree of bloat obtained. The bloat evaluation scale used 
was as previously described in Table 2. 
A series of four trials were conducted during the early 
19$9 grazing season to study the effect on bloat of foliar 
application of urea to alfalfa pasture. Urea solutions, at 
the equivalent rate of I4.O pounds of urea per acre, were 
sprayed on the plots of alfalfa forage 24 or 36 hours before 
allowing the lambs to graze. An abundance of forage was 
available in the $0 x 200 feet plots during an average of 
seven grazing periods per trial for each group of 15 to 18 
lambs. Average bloat measurement data for the four trials 
are shown in Table 6. Foliar application of urea to the 
forage Increased the amount of bloat obtained. A greater 
percentage of lambs bloated In the urea-treated plota and more 
lamba were scored 3» 4 and 5 indicating a higher degree of 
bloat. The average maximum bloat score for lambs on the 
urea-sprayed alfalfa was 1.62 as compared to l.lfO for controls 
grazing untreated alfalfa. These results confirmed the 
findings reported for the preliminary trials conducted during 
the previous year. 
Since the results with urea indicated that foliar appli­
cation of nutrients may have an effect on the bloat potential 
of alfalfa, it was decided to test other nutrients• In the 
next bloat trial glucose was sprayed on alfalfa pasture at 
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Table 6. Effect of foliar application of urea on production 
of bloat in lambs grazing alfalfa 
Control Urea 
No. of trials 
No. of grazings 
No. lamb observations 
4 
êl 
4 
44Î 
Bloat measurements 
% lambs scored 0 
% lambs scored 1 
i» lambs scored 2 
% lambs scored 3, 4 and 5 
18 
ïl 
15 
3& 
30 
22 
Av. maximum bloat* 1.4o 1.62 
aSum of maximum bloat scores per lamb per grazing divided 
by the number of lamb observations per treatment. 
the average equivalent rate of 6o pounds per acre. Three 
areas of the 50 x 200 feet plot were sprayed with different 
levels of glucose. No differences could be noted in effect 
on the foliage or on apparent palatability to the lambs from 
40, 60 and 80 pound levels of foliar application of glucose. 
The results for this trial are shown in Table 7. Glucose 
appeared to increase the degree of bloat substantially, in 
particular, it was observed in this trial as well as later 
trials that lambs grazing alfalfa sprayed with glucose would 
reach a higher degree of bloat much faster than lambs grazing 
non-sprayed alfalfa. The maximum score would often be reached 
in less than one hour after lambs were turned out to graze 
the forage sprayed with glucose as compared to 1& to 2 hours 
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Table 7. Effect of foliar application of glucose on production 
of bloat in lambs grazing alfalfa 
Control Glucose 
No. of grazings 8 8 
No. of lamb observations 120 120 
Bloat measurements 
% lambs scored 0 1$ 17 
a/o lambs scored 1 37 27 
% lambs scored 2 32 23 
>o lambs scored 3» 4 and 5 16 33 
Av. maximum bloata i.5o 1.78 
aSum of maximum bloat scores per lamb per grazing divided 
by the number of lamb observations per treatment. 
grazing time for the control lambs to reach their maximum 
bloat score. 
Since both urea and glucose increased the incidence of 
bloat the next series of trials were conducted to check the 
effect of a combination of urea and glucose. Two grazing 
trials were conducted to compare foliar applications of urea 
and glucose, singly and in combination, on the production of 
bloat. The urea was sprayed at the rate of 1|0 pounds per 
acre and was applied 2hours earlier than the glucose. This 
was thought advisable in case sugar might interfere with the 
absorption of urea by the plant. In one trial the application 
of glucose was i|0 pounds per acre and a level of 80 pounds 
was used in the other trial. There were 10 lambs in all test 
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groups except the control and urea treatments which contained 
9 lambs each during the first trial. Results for these com­
parisons are shown in Table 8. Urea or glucose alone or 
in combination increased the frequency and degree of bloat. 
The differences in bloat values between groups of lambs on 
either the urea or glucose treatments and the control were 
virtually the same as was found in the previous trials. The 
combination effect of urea and glucose appeared to be neither 
additive nor antagonistic. Mo difference was noted between 
the IlO and Go pound levels of foliar application of glucose. 
The alfalfa plots contained some v/cods during these two trials. 
Treatments were randomally assigned to plots. In the first 
trial the control plot contained considerable weeds, but 
during the second trial the control lambs grazed the only 
weed-free plot of the four. The increases in bloat for lambs 
on the three treated plots compared to the control groups 
were consistent in each trial. If any group was handicapped 
by a variation in bloat provocative forage, it appeared to 
be the lambs on the urea treatment which grazed plots con­
taining considerable gress and weeds during both trials. 
The effects of foliar applications of a combination 
of urea and glucose, and forage quality variation, on pro­
duction of bloat were studied in another trial. Two pairs 
of comparable plots were available at this time. One pair 
of plots contained excellent quality alfalfa and were virtually 
free of weeds. The other two plots were less densely covered 
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Tabla 8. Effect of foliar applications of urea and glucose, 
singly and in combination, on production of bloat 
in lambs grazing alfalfa 
Control Urea Glucose 
Urea 
and 
glucose 
No. of trials 2 2 2 2 
No. of grazings 14 14 14 14 
No. of lamb observations 132 132 l40 l40 
Bloat measurements 
% lambs scored 0 23 8 7 7 
% lambs scored 1 32 35 29 31 
% lambs scored 2 29 36 37 33 
% lambs scored 3> 4 and 5 16 21 27 29 
Av. maximum bloat8 1.39 1.72 1.86 1.86 
aSum of maximum bloat scores per lamb per grazing divided 
by the number of lamb observations per treatment. 
with alfalfa and contained considerable weeds. In all four 
plots, the growth of alfalfa was six to eight inches high with 
finer stems and foliage than during grazings earlier in the 
season. The application rate of urea was 35 pounds per 
acre on these plots. Slight to moderate foliage burning 
had been noted in previous trials from the application of 
I4O pounds of urea per acre. The amount of bloat was slightly 
greater on the weed-free plots. However, for four grazing 
periods the increase in average maximum bloat score for the 
urea and glucose treatments over the controls was the same 
(0.6) in each comparison. Therefore data for the replicated 
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treatments were pooled and averaged. The results are shown 
in Table 9. The findings were in agreement with previously 
reported trials. Analysis of variance of the average maximum 
bloat scores showed a statistically significant difference 
(P < 0.05) in favor of lambs grazing the forage sprayed with 
the urea and glucose combination when compared with lambs 
grazing untreated alfalfa. 
During a relatively dry weather period in August, foliar 
application of potassium carbonate at levels of 20 and 27 
pounds per acre were tried. The alfalfa had a pale green 
color and the foliage appeared wilted after being sprayed 
with the potassium carbonate solutions. Lambs grazing the 
treated plots had slightly lower average bloat scores than 
lambs grazing untreated forage. This was believed to be due 
to the detrimental physical effect on the plant rather than 
a nutrient change effect from the potassium treatment. 
In the last two bloat trials of the 1959 grazing season, 
foliar applications of calcium carbonate were tested along 
with repeat comparisons studying the effect of glucose on 
production of bloat. Due to more limited supply of forage for 
these two trials than earlier in the grazing season, 16 lambs 
were removed from experiment. The remaining 2I4. lambs had 
been among the higher scoring lambs in previous bloat tests. 
The foliar application rates for the calcium carbonate and 
glucose were 20 and 60 pounds respectively per acre. Average 
bloat measurement results are shown in Table 10, Lambs 
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Table 9* Effect of foliar applications of urea and glucose 
on production of bloat in lambs grazing alfalfa 
Control 
Urea 
and 
glucose 
No. of replications 2 2 
No. lamb observations 80 78 
Bloat measurements 
% lambs scored 0 12 1 
% lambs scored 1 39 23 
% lambs scored 2 25 35 
% lambs scored 3> 4 and 5 24 41 
Av. maximum bloat* 1.6l 2.24% 
aSum of maximum bloat scores per lamb per grazing divided 
by the number of lamb observations per treatment. 
^Statistically significant difference at P < 0.05. Analysis 
of variance data are given in Table 20 in the appendix. 
Statistical procedures described by Snedecor (111) were used. 
pasturing alfalfa sprayed with calcium carbonate had average 
bloat scores intermediate between the control animals and 
lambs grazing alfalfa sprayed with glucose. The amount of 
bloat increase resulting from the glucose treatment closely 
agreed with previous trials. 
The 1959 bloat trials showing the effects of foliar 
applications of different nutrient materials on lambs grazing 
alfalfa pasture are summarized in Table 11. Bloat values 
in this summary of results are expressed as the percentage 
change from control lambs that grazed untreated alfalfa. 
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Table 10. Effect of foliar applications of calcium carbonate 
and glucose on production of bloat in lambs grazing 
alfalfa 
Control Calcium Glucose 
carbonate 
No. of trials 2 2 2 
No. of grazings 12 12 12 
No. lamb observations 84 81$. 84 
Bloat measurements* 
% lambs scored 0 8 8 7 
% lambs scored 1 35 23 11 
% lambs scored 2 32 32 38 
% lambs scored 3, 4 an<* 5 25 37 44 
Av. maximum bloatb 1.77 2.02 2.24 
aLambs selected for these trials had been the higher 
scoring lambs in the previous bloat tests. 
t>Sum of maximum bloat scores per lamb per grazing divided 
by the number of lamb observations per treatment. 
These values exemplify that the frequency and degree of bloat 
were consistently increased by foliar applications of urea, 
glucose and the combination of urea and glucose. Average 
maximum bloat values for lambs receiving each of these three 
treatments were significantly greater (P<0.05) than for control 
lambs When the original bloat scores were tested by analysis 
of variance. 
The percentage change in severity of bloat was most 
pronounced for the glucose and combination of urea and glucose 
treatments with nearly twice as many lambs being scored 3, 
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Table 11. Average percentage changes In bloat measurements 
from foliar applications of different nutrient 
materials 
Urea Glucose 
Urea 
and 
glucose 
Calcium 
carbonate 
Ho, of trials 6 5 4 2 
No. of grazings 4i 34 22 12 
Av. no. lambs per trial i4 10 10 7 
% change from controls* 
Lambs scored 0 
-31 •35 -73 0 
Lambs scored 1 
-13 -32 -19 
-34 
Lambs scored 2 +16 + 5 + 22 0 
Lambs scored 3, 4 and 5 +43 +83 +75 +48 
Av. maximum bloat11 +17c +E6c +35* + 14 
aThe percentage changes are based on weighted averages 
for the different trials. Base values (control groups) for 
calculating the percentage changes are different for each 
treatment comparison. 
S^um of maximum bloat scores per lamb per grazing divided 
by the number of lamb observations per treatment. 
S^tatistically significant increases (P<0.05) over control 
lambs by analysis of variance (Snedecor, 111) of original 
bloat-score data. Analysis of variance data are given in 
Tables 17, 18 and 19 in the appendix. 
4 and 5 as in the control groups. It may appear in observing 
the average maximum bloat percentage increase values that 
the effects of urea and glucose were additive. However, 
the effects should not be considered additive since the b&se 
values for calculating the percentage changes are different 
for each treatment comparison. Ho additive effect was apparent 
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from these nutrients In a direct comparison reported In Table 
8. 
Prevention and control of bloat were not Included In the 
objectives of the research conducted. However, In order to 
prevent the loss of experimental animals, lambs were treated 
when severe cases of bloat occurred. The method of treatment 
used depended on the apparent distress symptoms at particular 
observation periods. The most frequently used procedure 
was to drench lambs that scored 4, or were closely approaching 
this degree of bloat, with an emulsified oil. A dosing syringe 
was used to administer one to two ounces of either lard oil 
or a special soybean oil product. These materials were used 
and discussed by Johnson (63) in bloat studies conducted 
with cattle at Iowa State University. The two oils appeared 
to be equally effective in alleviating the bloated condition 
in lambs if administered before extremely severe distress 
symptoms developed. For extremely severe cases of bloat, 
a stomach tube was used to relieve the lambs. During the 
entire 1959 grazing season, four lambs died due to bloat out 
of a total of lf6 lambs used during the various trials. One 
lamb was saved by opening the rumen with a knife. 
C. Forage Analyses 
During the bloat trials on alfalfa pasture, forage 
samples were taken from all plots that had been sprayed with 
the nutrient materials and control plot samples were taken 
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concurrently. These samples were taken on the first and 
second grazing days of each bloat trial which was 24, 4&, 
and in some cases 72 hours following the foliar applications. 
The top 3 or 4 inches were pinched off numerous alfalfa 
plants over the entire grazing plot and placed in plastic 
bags which were sealed as soon as each sampling was completed. 
Dry ice was used for immediate freezing and as soon as the 
samples could be brought to the laboratory they were placed 
in a deep-freezer unit maintained at zero degrees Fahren­
heit. Mangan and Johns (72) reported that deep freezing of 
fresh plant material satisfactorily preserved samples for 
determination of cytoplasmic protein. They found that 
any process that Involved drying the fresh clover, even 
freeze drying, brought about a denaturation of cytoplasmic 
protein. 
Alfalfa samples were prepared for analysis in a cold 
room maintained below freezing temperature. First, the frozen 
tops were cut into small sections with a paper cutter. Then 
the small sections were placed in a Waring blender and chopped 
finely by a very brief operation of the spinning blades. The 
resulting fine particles were immediately put into an airtight 
container and placed back into the deep freezer. The entire 
preparation was completed as quickly as possible without 
allowing the forage to thaw. Thawing was not permitted until 
after the portion of the sample to be analyzed was being 
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weighed. The sample container vas kept on dry ice until 
the instant of opening for removal and weighing of a small 
amount, about 5 grams, for analysis. 
Percentages of dry matter, total ash, total nitrogen, 
nitrogen soluble in 0.02 H sodium hydroxide, and the trichloro­
acetic acid (TCA) precipitable nitrogen were determined in 
over 50 forage samples. A diagram of the methods used for 
separating and determining the nitrogen fractions are shown 
in Table 12. Nitrogen fraction percentages were determined 
by the Kjeldahal method as described in Hawk et al. (If4)« 
The original Kjeldahl method was modified in that the liberated 
distallate of ammonia nitrogen was collected in borio acid 
solution. This solution was then titrated with a standard 
acid to determine the nitrogen content. 
Data for all comparisons of alfalfa composition are 
summarized in Table 13. Of primary interest in this study 
was the possible change in amount of different nitrogen 
fractions due to foliar application of the nutrient materials. 
Control and treated samples were only slightly different 
in moisture content. Therefore, the nitrogen fractions are 
reported as percent nitrogen in the green forage tops rather 
than as percent of dry matter. Total nitrogen and nitrogen 
soluble in 0.02 N. sodium hydroxide were markedly greater in 
alfalfa tops taken after foliar application of urea than for 
control samples. There was some variation in total nitrogen 
content of samples taken during the different bloat trials, 
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Table 12. Diagram of methods used for separating and deter­
mining nitrogen fractions in alfalfa forage tops 
Finely Chopped Sample 
5 grams, wet wt. 
Finely Chopped Sample 
5 grams, wet wt. 
+ 100 ml. 0.02 N. NaOH 
+ one hour shaking 
Precipitate 
% total N by 
Kjeldahl 
% insoluble N 
by Kjeldahl 
Filtrate, 
containing 
soluble 
nitrogen 
+ 25 ml. 50% TCA 
Ppt. % TCA opt. N 
by Kjeldahl 
+ 24 hours 
standing 
Filtrate, contain­
ing non-protein N 
but the increase for urea-treated samples compared to control 
samples was consistent. The percent soluble nitrogen (total 
nitrogen minus nitrogen insoluble in 0.02 N. sodium hydroxide) 
was just as great or greater in samples taken l±8 or 72 hours 
following application as for 24 hours after spraying with 
urea. There was no difference found in the amount of trichloro­
acetic acid precipitable nitrogen between the control and 
urea sprayed samples. The results indicated that the nitrogen 
increase found was still in the form of non-protein nitrogen 
when the alfalfa samples were taken. 
Foliar applications of alfalfa with glucose or calcium 
carbonate had little if any effect on the values of nitrogen 
fractions determined. Consequently, it would be assumed that 
Table 13• Chemical composition of alfalfa samples 
Ho. of 
grazing 
trials 
Ho. of Dry 
samples matter 
% 
Ash 
% 
Total 
N 
% 
H sol. in 
.02H. NaoH 
% 
TCA ppt. 
N 
% 
Comparison of urea and control samples 
Control 6 11 24.42 1.93 1.01 .41 .22 
Urea 6 11 24.60 1.93 1.15 .54 .22 
Comparison of glucose and control samples 
Control 5 9 25.54 2.00 1.00 .40 .22 
Glucose 5 9 26.13 1.94 .99 .41 .23 
Comparison of glucose and urea and control samples 
Control 4 6 25.73 1.88 1.00 .40 .21 
Urea and 
glucose 4 6 25.54 1.8? 1.12 .50 .20 
Comparison of calcium carbonate and control samples 
Control 2 3 25.22 2.08 1.03 .39 .20 
Calcium 
carbonate 2 3 26.56 2.22 1.03 .40 .20 
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factors other than nitrogen content were responsible for the 
noted increases in bloat from application of these two nutrient 
materials to alfalfa foliage. Total ash content was higher 
in samples sprayed with calcium carbonate than in control 
samples. However, levels of calcium or other individual 
minerals were not determined. Considerable residue of calcium 
carbonate was observed on the alfalfa foliage at the time of 
sampling. Without further study, one can only speculate what 
effect carbohydrate or calcium content of alfalfa may have 
on rate of fermentation and/or foam formation in the rumen 
as factors involved in the production of bloat. 
D. Blood Analyses 
Blood ammonia nitrogen determinations made during the 
bloat studies with alfalfa soilage were referred to in section 
A. Blood samples were taken every three days from eight 
lambs, comparing four treatments, throughout the 1957 studies. 
Duplicate samples of whole blood were analysed for ammonia 
nitrogen by a slight modification of the method described 
by Seligson and Seligson (102). The principle involved in 
this method includes the diffusion of ammonia from the sub­
strate with potassium carbonate and the formation of ammonium 
sulphate which is treated with Nessler's reagent for the 
colorlmetrie determination of ammonia. A small drop of 
sulphuric acid on the tip of a specially prepared glass rod 
absorbs the ammonia liberated during the diffusion process. 
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An electric rotor was used to hold and turn the small penicillin 
bottles and contents in order to reduce the time required 
for complete diffusion. For the blood ammonia nitrogen 
determinations reported herein, the rotatory wheel apparatus 
operated at 7 to 8 r.p.m. Between 1& and 2 hours diffusion 
time was allowed for two ml. of whole blood. 
The ammonia nitrogen values determined, and expressed 
as meg. per 100 ml. of whole blood, are shown in Table llj.. 
Ammonia levels averaged about 2f>0 meg. higher In samples 
from lambs receiving the urea-sprinkled alfalfa than in 
staples from lambs fed untreated soilage. Additions of sugar 
resulted in alight decreases in blood ammonia nitrogen levels 
as compared to control lambs. Hie amount of change in ammonia 
nitrogen from urea and sugar treatments followed the same trend 
when phosphorus or potassium were added to all treatments 
as in trials 2 and 3. There was no apparent correlation 
between blood ammonia nitrogen levels and average bloat 
measurements for lambs on the four treatments compared. 
Blood ammonia nitrogen values for control lambs appeared 
to be high, particularly during trials 2 and 3. Repp et al. 
(99) reported that the normal blood ammonia nitrogen level 
for lambs in their studies was between 80 and 2£0 and average 
about 150 meg. per 100 ml. of blood. These lambs had been 
on dry feed and in some cases feed was withheld for 18 hours 
prior to bleeding. One would expect blood ammonia levels 
to be hi^ ier for lambs consuming green alfalfa forage than 
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Table lif* Ammonia nitrogen values in blood from lambs on 
bloat studies with alfalfa soilage* 
Treatment 
and number*) 
Control 
1 
Urea 
3 
Sugar 
7 
Urea and sugar 
9 
Trial 1 254 481 228 423 
Trial 2C 484 693 47 0 573 
Trial 3d 469 761 422 654 
aAll values are expressed as meg. of ammonia nitrogen 
per 100 ml. of whole blood. 
S^ee Table 2 for levels of nutrient materials added to 
the green chopped alfalfa. 
cPhosphorus added to all treatments. 
P^otassium added to all treatments. 
on dry feed. However, control lambs in trials 2 and 3 had 
much higher average ammonia nitrogen values than were found 
in trial 1 of the soilage studies. It does not seem reasonable 
that these higher values would have been caused entirely 
by the phosphorus and potassium additions. 
During the 1#8 series of bloat trials with alfalfa 
soilage, blood samples were taken at different intervals 
from lambs with bloat scores of 0, 1 and 2. Ammonia nitrogen 
determinations were made on a very limited number of blood 
samples, but no consistent differences could be detected 
between non-bloated lambs and lambs with slight to mild bloat 
ratings. 
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Blood vas also analyzed for non-protein nitrogen content 
during the 1958 bloat studies. Samples were taken from lambs 
with different degrees of bloat when they were receiving 
the different alfalfa soilage treatments and also when they 
were grazing untreated alfalfa. The pasture plot adjoined 
an alfalfa area being grazed in bloat studies with cattle. 
The method of Koch and McMeekin (64) with modifications 
described in Hawk et al. (44) was used for the non-protein 
nitrogen determinations. 
There appeared to be no consistent relationship between 
the level of non-protein nitrogen in blood of lambs and 
bloat observed on the different treatments to alfalfa clippings. 
These treatments included single additions and combinations 
of egg white, glucose, and phosphoric acid. Since only slight 
to mild bloat scores were obtained during the soilage trials, 
data were pooled with determinations made on blood samples 
taken from lambs pasturing alfalfa. This was done to determine 
if non-protein nitrogen levels would correlate with degree 
of bloat regardless of forage treatment. Data for tills 
comparison are shown in Table 15. 
Average non-protein nitrogen levels appeared to increase 
with increases in bloat scores up to 3, but the trend did 
not continue for bloat scores of 4 and 5. The range of non­
protein nitrogen values on blood samples from lambs with the 
same bloat score showed considerable variation. There were 
perhaps insufficient number of determinations for conclusions 
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Table 15>. Comparison of non-protein nitrogen content in 
blood from lambs and their bloat scores 
Bloat No. of Non-protein nitrogen* 
score samples Range Average 
0 5 !L3.5> - 6o.6 53*5 
1 10 49.7 - 6o.6 55.1 
2 3 54.4 - 61.2 57.2 
3 2 58.2 - 63.6 60.9 
4 1 60.0 
5 2 56.0 - 57.8 56.9 
aValues are expressed as Hg. percent nitrogen. 
to be made. However, the data obtained did not indicate 
a correlation between non-protein nitrogen level of blood 
from lambs and degree of bloat obtained. 
The possible relationship of blood non-protein nitrogen 
and bloat was studied again dur ing the pasture trials when 
more cases of severe bloat were obtained. The results obtained 
for the non-protein determinations made during the bloat 
trials on alfalfa pasture are shown in Table l6. Lambs 
grazing urea-sprayed alfalfa had blood non-protein nitrogen 
(NPN) values averaging 55.3 mg. percent as compared to 4?*6 
mg. percent for control lambs. Foliar application of glucose 
on alfalfa pasture had little, if any, influence on blood 
NPN values. Data obtained showed no apparent consistent 
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Table lo. Comparison of non-protein nitrogen (NPN) content 
in blood from lambs pasturing control and foliar-
treated alfalfa and with degree of bloat 
Control Urea Control Glucose 
No. of samples 3 10 6 6 
No. of grazings 3 .3 .3 3 
Non-protein nitrogen" ij.?. 0 55.3 42.6 44-5 
NPN at different 
degrees of bloat8-
No bloat - 0 score i|7.5 5k. '}. 1(0.7 _ _ _ b  
Slight to mild0 46.0 53.5 43-5 42.4 
Moderate to severe'^ 50.9 $6.6 J42.k 45.6 
Av. bloat score 1.6 1.3 1.5  2.5  
aValues are expressed as mg. percent nitrogen. 
^No blood samples taken from 
glucose treatment. 
lambs with 1 0 scores on 
cLambs scored 1 and 2 
. 
^Lanbs scored 3 and 4 
relationship between blood non-protein nitrogen and degree 
of bloat observed in the lambs compared. Non-protein nitrogen 
levels in blood taken just before and one hour after grazing 
were virtually the same for lambs grazing glucose-treated or 
untreated alfalfa. In this comparison three of the lambs from 
the glucose treatment were severely bloated (bloat score of if). 
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IV. GENERAL DISCUSSION 
A limited amount of research has been reported in which 
the underlying causes of bloat were studied simultaneously 
with bloat observations on animals handled under natural 
feeding conditions. Relationships have not been well estab­
lished between dietary changes or plant composition changes 
and subsequent production of bloat. Currently, many research 
workers agree that a sudden or rapid distension of the rumen 
(acute bloat) occurs following the formation of a foamy or 
frothy ingesta that prevents the normal eructation of gas. 
Fermentation rates that promote rapid gas formation apparently 
stimulate bloating incidence when foaming conditions are 
prevalent. Both animal and plant factors are believed to 
influence the rate of formation and/or stability of foam in 
the paunch. In the studies reported, various nutrient materials 
were added to green forages in order to simulate potential 
rapid changes in plant.composition. 
When alfalfa soilage, either chopped or clipped alfalfa, 
was fed to lambs only a slight amount of bloat occurred. 
Consequently, definite relationships between nutrient addi­
tions to the forage and production of bloat were not obtained. 
There were indications that nitrogen (urea additions) or 
sugar (corn syrup or glucose additions) or possibly a com­
bination of these materials might be contributing to the 
production of bloat. In subsequent bloat trials with lambs 
on alfalfa pasture, foliar applications of urea and/or 
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glucose significantly increased frequency and degree of bloat. 
Possible explanations for the increases in bloat obtained 
will be considered in the following discussion. 
Boda et al. (l6) and Johns (52, 53) have postulated that 
soluble protein may be an important factor in the etiology 
of bloat. Mangan and Johns (72) could show no relationship 
in foaming properties of a cytoplasmic protein fraction with 
the bloat-promoting potential of froah clover. However, in 
a more recent paper Mangan (71) reported that cytoplasmic 
protein was of major importance as a foaming agent in causing 
bloat. The question of concern is; would foliar application 
of urea to growing alfalfa promote rapid plant metabolic 
changes leading to the formation of considerable soluble 
protein? Belasco et al. (10) reported that urea applications 
were rapidly absorbed by grasses and that considerable con­
version of urea to other compounds occurred within 3 to 5 
days after the foliar application. If the conversion of urea 
resulted in substantial increases in soluble protein, this 
would explain, partially at least, why more bloat occurred 
from the foliar application of urea on alfalfa pasture. 
However, in comparing composition of the urea-sprayed and 
untreated alfalfa tops no differences could be detected in 
soluble protein levels (trichloroacetic precipitable nitrogen 
fraction of soluble nitrogen). Total nitrogen and nitrogen 
soluble in 0.02 N. NaOH were increased by spraying alfalfa 
with urea. The fractionation procedures indicated that 
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Increased nitrogen from the foliar sprayed alfalfa was still 
in the form of non-protein nitrogen. It is possible that 
24 to 4® hours after foliar application was not sufficient 
time for the nitrogen in urea to be converted to protein. 
The Increase in bloat from foliar application of glucose 
may not be due completely to differences in forage content 
of reducing sugars. Johnson (63) found a highly significant 
positive correlation between bloat severity and reducing 
sugar content of alfalfa pasture samples. Wllkens et al. 
(Il6) reported that seasonal changes in reducing sugar content 
of Ladlno clover may be a factor influencing variations observed 
in bloat incidence. Reports by Allen et al. (1) and Wllkens 
et al. (Il6) indicated that diurnal changes in reducing sugar 
content of legumes may also partially explain the sporadic 
occurrence of bloat. However, Brown (20) and Mangan and Johns 
(72) found no positive relationship between the concentration 
of sugar in legume samples and their bloat producing potency. 
Research reported by Hungate et al. (46), Oxford (88), 
and Quln (92) indicated that a high amount of glucose in rumen 
ingesta may provoke bloating conditions through the agency 
of certain microorganisms. Three different types of microorgan­
isms and both fermentation rate and production of substances 
leading to foamy rumen ingesta were implicated. These three 
reports tend to substantiate that foliar application of glucose 
to alfalfa contributed to increased bloat production in 
lambs by stimulating rumen microflora activity toward the 
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simultaneous rapid formation of gas and frothy material. 
Foliar application of glucose either adhering to the foliage 
or increased within the plant could have influenced the factors 
responsible for foam formation. 
Foliar application of glucose could have been exerting 
its effect as part of polysaccharides formed either in the 
plant or during fermentation in the rumen. Bailey (3) found 
more starch in red clover than in grasses, and also it was 
noted that the starch content of clover changed considerably 
from time to time. Oxford (8?) reported that a rumen protozoan 
strain, Epldlnium ecaudatun, slowly metabolized glucose to 
amylopectin. Bailey (if) later reported that much of the 
polysaccharide, found in isolated fractions of crude rumen 
liquor from cows fed red clover, was starch. However, the 
concentration of polysaccharide in the cell-free liquor was 
no greater in bloating than in non-bloating animals. It is 
possible that intermediate carbohydrate(s) following polymeri­
zation of glucose or degradation of capsular polysaccharide 
may be responsible for increasing the formation of foamy 
rumen ingesta. Bailey analyzed for dextran but did not obtain 
a positive test in any of the fractions of rumen liquor. 
He reasoned that any intermediary bacterial polysaccharide 
may have only a short existence in the rumen and thus would 
not be detected in the sampling technique used in this 
study. Sampling at short intervals during development of 
bloat might give indications of positive correlation between 
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bloat and polysaccharide intermediates produced during 
fermentation. 
When combinations of urea and glucose were sprayed on 
alfalfa pasture, bloat scores were equal to or sligitly 
greater than after single foliar application of either 
nutrient. Since the effects were not additive, it would 
appear that plant metabolism or rumen fermentation changes 
due to urea and glucose led to the same or similar bloat 
provoking substances. 
The level of different minerals in legumes may have a 
role in the production of bloat. However, no evidence was 
found in the literature indicating that any mineral element 
has an influence on production of foam in the rumen. Jacobson 
(5l) reported that calcium carbonate accelerated in vitro 
fermentation when added to rumen ingesta contents which would 
logically increase rate of gas production. Cooper (30) 
postulated that legumes grown on soils deficient in phosphorus 
were likely to cause bloat. Contrary to this belief, however, 
are reports by Brown (20) and Johnson (63) where it was found 
that severe bloat occurred from pasturing alfalfa grown on 
land that had been heavily fertilized with phosphate. 
In one trial on alfalfa pasture, foliar application of 
calcium carbonate increased bloat decidedly, while in a second 
trial the bloat differences were only slight between lambs 
grazing calcium carbonate treated and untreated forage. The 
average maximum bloat scores for the two trials from foliar 
application of calcium carbonate were intermediate between 
those for control lambs and lambs grazing alfalfa that had 
been sprayed with glucose. Foliar applications of potassium 
carbonate had a deleterious effect on the alfalfa foliage. 
Neither potassium or phosphorus had any noticable effect on 
bloat when added to alfalfa soilage fed to lambs. 
Any effect calcium or other minerals might have on 
production of bloat appears most likely to be indirect or 
supplementary to other nutrient materials. Furthermore, 
it is feasible that any mineral addition to the soil that 
would accelerate plant growth and thus along with favorable 
climatic factors induce rapid chemical changes, might increase 
the bloat potential of legumes. 
Another possible role of plant constituents, in con­
sidering their effects on bloat, is the physical make-up 
of the herbage consumed. Since Mangan and Johns (72) were 
unable to correlate plant chemical composition with bloat, 
they reasoned that the difference between bloating and non-
bloating herbage is unlikely to be due entirely to any 
difference in concentration of particular substances in the 
forage. Rather, it will be due to the amount of the particula 
substances released from the ingested herbage within the 
first 1$ to 30 minutes after eating. They postulated that 
the physical condition of the herbage may regulate the rate 
and amount of substances released. The degree of maceration 
by cursory chewing and subsequent release of bloat provoking 
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aubatsuaces could then be related to plant succulence. Research 
reported by Conrad et al. (29), Head (45)# and Pounden et al. 
(91) support the above hypothesis. Their findings Indicated 
that the pectin content and the fiber fraction of plants 
were at least partially responsible for rapid gas formation, 
foam formation and stability of foam in the rumen. Unfor­
tunately, no bloat studies with animals were included in these 
reports to support their laboratory findings. 
Although additions of urea to alfalfa soilage and alfalfa 
pasture increased the nitrogen content in blood, no correlation 
was apparent between the blood components determined and bloat 
measurements on the lambs studied. Considerable variation 
in blood ammonia nitrogen levels was noted between days of 
sampling for the same treatments. Even though the blood 
ammonia nitrogen increase due to urea treatment was consistent, 
levels tended to be higher for all lambs on exceptionally 
hot days. The reason for this is not understood, but at 
least two things could have occurred. Perhaps there was a 
difference in animal physiological processes leading to 
different rates of absorption or metabolism of ammonia that 
varied with outside temperature. Or, the liberation of 
nitrogen other than true ammonia content of blood could have 
been the cause of variation. Nathan and Rodkey (81) reported 
that a "specific deamination" effect of potassium carbonate 
on whole blood gave higher ammonia nitrogen values than 
normally expected. The in vitro formation of ammonia could 
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have started soon after blood samples were taken since they 
were not maintained in an ice bath as suggested by M a than and 
Rodkey. The deamination effect could have been greater on 
hot days. Comparatively, however, the time from bleeding 
the lambs to the colorimetric reading for nitrogen was essential­
ly the same for all determinations made. Brown (20), using 
a trichloracetic acid blood filtrate as suggested by Nathan 
and Rodkey, reported that the variation in blood ammonia 
nitrogen values was quite high in both bloated and non-bloated 
group., of cattle. 
Hale and King (43) reported that death during acute 
bloat in cattle and sheep nay be due to the absorption of 
ammonium carbonate or some related nitrogen compound. They 
administered ammonium carbonate either orally or intravenously 
and produced symptoms in ruminating lambs similar to those 
observed during acute urea toxicity. Ammonia nitrogen and 
non-protein nitrogen levels in lambs on different treatments 
and for different degrees of bloat, reported in the blood 
analyses section, revealed no enlightening information on 
the cause of bloat or the cause of death from bloat. Bloat 
caused by near lethal doses of urea which Hale and King 
reported was probably different from bloat that occurred 
from consumption of legume forages. 
With reference to the objectives for the research 
conducted as outlined on page $ of this dissertation, results 
obtained are believed to justify the following conclusions : 
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The degree of bloat was slight In lambs fed alfalfa 
soilage treated with various nutrient materials. 
Therefore, definite relationships between dietary 
factors and production of bloat were not demon­
strated in the soilage trials. Foliar applications 
of urea and/or glucose significantly increased 
average maximum bloat scores of lambs grazing 
alfalfa pasture. Foliar application of calcium 
carbonate increased the average amount of bloat 
in two trials, but to a lesser extent than did 
glucose application to alfalfa pasture. The levels 
of potassium carbonate sprayed on alfalfa were 
decidedly deleterious to plant growth and succulence. 
Foliar application of urea increased the total 
nitrogen content and the nitrogen soluble in 0.02 
N. NaOH of alfalfa pasture tops (3 to 4 inch samples). 
No differences were found in the levels of trichlor­
acetic precipitable nitrogen between control and 
urea-sprayed samples. This would indicate that 
the nitrogen increase from spraying with urea was 
still in the form of non-protein nitrogen. 
Urea solutions sprinkled on alfalfa soilage fed 
to lambs markedly increased blood ammonia nitrogen. 
Foliar application of urea on alfalfa pasture 
increased non-protein nitrogen blood values of 
lambs. Other nutrient additions either to alfalfa 
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soilage or alfalfa pasture did not noticeably 
change the blood nitrogen components determined. 
i|. Positive relationships were not demonstrated between 
the occurrence of bloat and nitrogen components 
determined in alfalfa forage samples or blood 
samples. 
No studies were conducted to determine if spraying alfalfa 
with any of the nutrient materials caused changes in foaming 
properties. Mangan (70) described an apparatus used for 
the estimation of the expansion, dynamic stability and strength 
of foams of surface-active compounds. This or some similar 
device could possibly be employed for expedient in vitro 
determinations of foaming properties of forage samples and 
also of collected rumen ingesta samples. It appears now to 
this writer that investigating the changes taking place in 
plant components during the early stages after ingestion 
might provide more pertinent information toward the cause 
of bloat than either total plant or blood composition. 
Based on present knowledge looking for exact changes in rumen 
ingesta might be futile. In vitro techniques to screen 
possibilities and particularly measurements of foam produced 
and foam strength might lead to the underlying causes of 
acute legume bloat. 
A statement made by Nichols (82) perhaps still applies 
at present, although certainly with less vagueness than four 
years ago; "Bloat is not a single entity, but several factors 
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are contributory even though they may not be abnormal ones." 
Intensive research has served as a basis for solving many 
difficult problems. Progress in bloat research will no doubt 
continue until there is a complete understanding of the various 
factors involved in the complex bloat syndrome. 
9* 
V. SUMMARY 
Studies were conducted with lambs to determine the 
influence of various nutrients on the production of bloat 
when solutions of these materials were sprinkled on freshly 
chopped or cut alfalfa and when applied as a foliar spray 
to alfalfa pasture. Alfalfa forage samples were analyzed 
to determine possible relationships between changes in dif­
ferent nitrogen fractions due to the foliar application of 
nutrient materials and the incidence of bloat. Blood samples 
were analyzed for ammonia nitrogen and non-protein nitrogen 
to study the effects of nutrient additions to alfalfa forage 
on blood nitrogen levels in conjunction with the frequency 
and degree of bloat. 
When alfalfa soilage was fed to lambs only a alight 
amount of bloat occurred. Consequently, definite relation­
ships between nutrient additions to the forage and production 
of bloat were not obtained during the soilage trials. There 
were indications that both nitrogen (urea additions) and 
sugar (corn syrup and glucose additions) might be contributing 
to the production of bloat. Additions of egg white, potassium 
carbonate, sodium phosphate and phosphoric acid solutions 
did not affect the incidence of bloat. High levels of urea 
(0.5 percent and 1.0 percent additions) adversely affected 
the palatability of the fresh alfalfa soilage. 
Foliar applications of urea and glucose increased the 
frequency and degree of bloat in lambs grazing alfalfa pasture. 
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Significant (P< 0 , 0 $ )  increases in average maximum bloat 
scores were obtained from foliar applications of either urea 
or glucose alone and from a combination of urea and glucose. 
In two trials, average maximum bloat scores from foliar 
application of calcium carbonate were intermediate between 
those for control lambs and lambs grazing alfalfa that had 
been sprayed with glucose. Foliar application of potassium 
carbonate was deleterious to the growth and succulence of 
alfalfa pasture. The nutrient materials were sprayed on the 
alfalfa foliage at the following equivalent rates per acre: 
urea - or 4^  pounds j glucose - J4.O, 60 and 80 pounds ; 
calcium carbonate - 20 pounds ; and potassium carbonate -
20 or 27 pounds. 
Forage samples were taken from control and foliar 
treated alfalfa plots at 24, 4^ , and in some cases 72 hours 
after spraying. The spraying of alfalfa with urea increased 
the total nitrogen content of alfalfa samples and the nitrogen 
soluble in 0.02 N. NaOH. There was no difference In the amount 
of trichloroacetic acid precipitable nitrogen between the 
control and urea-sprayed samples. This would indicate that 
the nitrogen increase found in the samples from alfalfa 
sprayed with urea was still in the form of non-protein 
nitrogen. Spraying alfalfa with either glucose or calcium 
carbonate had little if any effect on the levels of nitrogen 
components determined in the alfalfa tops. 
Urea solutions sprinkled on alfalfa soilage fed to 
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lambs increased blood ammonia nitrogen levels. Lambs grazing 
urea-sprayed alfalfa had higher average blood non-protein 
nitrogen levels than control lambs. Other nutrient additions, 
either sprinkled on alfalfa soilage just prior to feeding 
or sprayed on alfalfa pasture, did not noticeably change the 
blood nitrogen components determined. Considerable variation 
occurred in blood nitrogen levels in lambs on the same treat­
ment. Data obtained did not indicate a positive relationship 
between levels of blood nitrogen components and the degree 
of bloat in lambs. 
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VIII. APPENDIX 
Ill 
Table 17. Analysis of variance of average maximum bloat 
scores due to foliar application of urea to 
alfalfa pasture 
Source of variation D.F. Mean square 
Treatment 1 2.150 
Trials 5 .994 
Treatment x trials 5 .174 
Total 11 
Table 18. Analysis of variance of average maximum bloat 
scores due to foliar application of glucose to 
alfalfa pasture 
Source of variation 
Treatment 
Trials 
Treatment x trials 
Total 
D.F. Mean square 
1 3.980 
4 .9125 
4 .3675 
9 
112 
Table 19. Analysis of variance of average maximum bloat 
scores due to foliar applications of a combination 
of urea and glucose to alfalfa pasture - all 
trials 
Source of variation D.F. Mean square 
Treatment 1 5.510 
Trials 3 1.527 
Treatment x trials 3 
0
 
CO ou 
Total 7 
Table 20. Analysis of variance 
scores due to foliar 
of urea and glucose 
treatments 
of average maximum 
applications of a 
to alfalfa pasture 
bloat 
combination 
- replicated 
Source of variation D.F. Mean square 
Treatment 1 3.98l6l 
Replication 1 .42436 
Treatment x replication 1 .00361 
Total 3 
